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N A S A  TT  F -11 ,572  

SPACE AND TIME' VARIATIONS I N  THF LIGHT INTENSITY 
OF THE T I W G H T  W Y  

T. G .  Megrelishvili, T .  I. Toroshelidze, and I. A .  Khvostikov 

ABSTRACT: The a r t i c l e  r e p r e s e n t s  a s u r v e y  of 
t h e  t w i l i g h t  d a t a  based upon our o b s e r v a t i o n s  a t  
Abastumani and t h o s e  of o t h e r  a u t h o r s ,  c a r r i e d  
o u t  a t  d i f f e r e n t  p l a c e s ,  f o r  d i f f e r e n t  z e n i t h  
d i s t a n c e s  and i n  v a r i o u s  s p e c t r a l  r e g i o n s .  

Systematic measurements of the twilight sky have been made at /63f: 
the Abastumani Astrophysical Observatory in various portions of the 
spectrum. The results of these measurements have been published in 
part C 9 ,  10, 42, 43, 47, 5 5 3 .  Since they are of interest for prac- 
tical purposes (for example, for the characteristics of the illumi- 
nation curve during twilight, etc.) as well as for a number of scien- 
tific problems in upper atmospheric physics, we shall present a 
comprehensive discussion of the aforementioned results in this paper. 
In addition to the observations made at the Abastumani Astrophysi- 
cal Observatory, we shall also use data obtained by other investi- 
gators. This has permitted us to give a more final form to the 
discussion and to formulate certain conclusions in a more general 
manner. 

Most of the measurements published for the brightness of the 
twilight sky have been made in relative rather than in absolute 
units, a fact that hinders comparison of data obtained by different 
authors. Therefore, in many cases, we also had to use relative 
units. 

This survey consists of three parts. In the first, the intro- 
ductory part, the general characteristics of the twilight sky are 
given from the photometric and spectrophotometric point of view. 
In the second part, a more detailed analysis is made of the spec- 
tral distribution of the brightness of the twilight sky as a func- 
tion of the solar zenith distance in various seasons. Here, the 
morning and evening twilights are examined separately. In the 
third part, we discuss the results of studying the intensity varia- 
tions of individual lines of the twilight glow in the atmosphere. 

1. GENERAL CHARACTERISTICS OF THE RESULTS OF PHOTOMETRIC AND SPEC- 
TROPHOTOMETRIC STUDIES OF THE TWILIGHT S K Y .  

During the day, after noon, the day-sky brightness at the ze- 
nith decreases in proportion to the increase in the zenith distance 
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(2,) o f  t h e  s u n ,  b u t  a t  t w i l i g h t ,  a f t e r  s u n s e t ,  t h e  d e c r e a s e  i s  
F r e a t l y  a c c e l e r a t e d .  If w e  a v e r a g e  t h e  d a t a  o f  m e a s u r e m e n t s  f r o m  
d a y - s k y  b r i g h t n e s s  a t  t h e  z e n i t h ,  made w i t h o u t  l i g h t  f i l t e r s  f o r  
v a r i o u s  s o l a r  z e n i t h  d i s t a n c e s ,  a c u r v e  w i l l  b e  o b t a i n e d ,  a c c o r d i n g  
t o  B r u n n e r ? s  c a l c u l a t i o n s  151 l i k e  t h a t  shown s c h e m a t i c a l l y  i n  F i g -  
u r e  1. T h i s  c u r v e  e x p l a i n s  t h e  a c c e p t e d  d i v i s i o n  o f  t w i l i g h t  i n t o  
t h r e e  s t a g e s .  The b r i g h t e s t  p a r t  o f  t w i l i g h t  i s  c a l l e d  c i v i l  t w i -  - 
l i g h t  (20 < 9 6 O ) .  - 

(stel ,mag 
' ear th  kV d e g  ' )  

. 
day 

F i g .  1. 

The d a r k e r  p a r t  o f  t w i l i g h t ,  when 96 < Z o  < 102O, - - 

v i l i  gh t 
I 
I 

call 

F i g .  3 

t w i l i g h t ,  i t  i s  a b o u t  6 0 1 O - ~  l u x  
t w i l i g h t ,  i t  d e c r e a s e s  t o  6 - 1 0 - 4  

; a n d  
l u x  

i s  c a l l e d  n a u t i c a l  t w i l i g h t ;  / 6 5  
u p  t o  t h e  e n d  o f  n a u t i c a l  t w i -  
l i g h t ,  i t  i s  s t i l l  p o s s i b l e  t o  

- 

d i s t i n g u i s  
o f  t h e  h o r  
l i g h t  i s  r 
c a l  t w i l i g  
u n t i l  t h e  
t h e  r a p i d  
n e s s  o f  t h  
u s u a l l y  o c  
z e n i t h  d i s  
l u x ;  a t  t h  

a t  t h e  e n  
[ S I .  

h r e l i a b l y  t h e  l i n e  
i z o n .  N a u t i c a l  t w i -  
e p l a c e d  b y  a s t r o n o m i -  
h t  w h i c h  c o n t i n u e s  
o n s e t  o f  n i g h t ,  when 
d e c r e a s e  i n  b r i g h t -  
e s k y  c e a s e s ;  t h i s  
c u r s  when t h e  s o l a r  
t a n c e  i s  a b o u t  2.5 
e e n d  o f  n a u t i c a l  
d o f  a s t r o n o m i c a l  

A t  t h e  b e g i n n i n g  o f  t w i l i g h t  ( Z o  = 9 0 ° )  t h e  s u n  a c q u i r e s  a r e d  
c o l o r a t i o n  a n d  t h e  b r i g h t  t w i l i g h t  b a n d ,  whose c o l o r  v a r i e s  f r o m  
o r a n g e - y e l l o w  a t  t h e  b o t t o m  t o  g r e e n - b l u e  a t  t h e  t o p  i s  s t r e t c h e d  
a l o n g  t h e  s o l a r  h o r i z o n .  Above t h i s  b a n d ,  t h e r e  i s  a r o u n d ,  b r i g h t ,  
a l m o s t  c o l o r l e s s  g l o w ,  w h i l e  o n  t h e  o p p o s i t e  s i d e  o f  t h e  h o r i z o n ,  
t h e  b l u i s h - g r e y  d a r k  s e g m e n t  o f  t h e  E a r t h ' s  s h a d o w ,  e d g e d  w i t h  a 
p i n k  b a n d  ( V e n u s '  g i r d l e j ,  s i o w i y  L e g T i i s  t~ rise. 
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F i g .  4 a .  

F i g .  5 .  A n g l e  Be tween  t h e  
D i r e c t i o n  o f  t h e  Sun a n d  t h e  
P o i n t  of  t h e  Sky O b s e r v e d ,  
Deg. 

F i g .  4 b .  
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A s  t h e  s o l a r  z e n i t h  d i s t a n c e  i n c r e a s e s ,  t h e  c o l o r  of  t h e  s k y  
a b o v e  t h e  s u n  b e c o m e s  m o r e  s a t u r a t e d  a n d  s o m e t i m e s  a p u r p l e  l i g h t  
a p p e a r s .  T h i s  i s  a r o s e  c o l o r e d ,  r a p i d l y  d i f f u s i n g  s p o t ,  l o c a t e d  
a t  a n  e l e v a t i o n  o f  2 0 - 2 5 O  a b o v e  t h e  h o r i z o n .  

A t  t h e  e n d  o f  c i v i l  t w i l i g h t ,  t h e  p u r p l e  l i g h t  f a d e s  a n d  t h e  
m u l t i - c o l o r e d  s e g m e n t  o f  t h e  a r c h  g r a d u a l l y  c o n t r a c t s  a n d  b e c o m e s  
p a l e ;  a t  t h e  b e g i n n i n g  o f  a s t r o n o m i c a l  t w i l i g h t ,  i t  c h a n g e s  i n t o  a 
n a r r o w ,  g r e e n i s h - w h i t e  b a n d  C31. 

The p a t t e r n  d e s c r i b e d  i s  o f t e n  o b s e r v e d  i n  c l e a r  w e a t h e r ;  when 
t h e  a t m o s p h e r e  i s  t u r b i d ,  t h e  c o l o r s  o f  t h e  a r c h  a r e  m o r e  f a d e d ,  
a n d  s o m e t i m e s  t h e  g l o w  phenomena  s i m u l t a n e o u s l y  d e v e l o p  d i v e r s e l y  
i n  d i f f e r e n t  p o r t i o n s  o f  t h e  s k y  [ 7 1 .  

A number  o f  p a p e r s ,  e s p e c i a l l y  t h e  s t u d i e s  p u b l i s h e d  by  t h e  
w o r k e r s  a t  t h e  A b a s t u m a n i  A s t r o p h y s i c a l  O b s e r v a t o r y  [ 8 - 1 0 1 ,  h a v e  
shown t h a t  t h e  n a t u r e  o f  t h e  v a r i a t i o n  i n  t h e  d a y - s k y  b r i g h t n e s s  as  
a f u n c t i o n  o f  t h e  s o l a r  z e n i t h  d i s t a n c e  v a r i e s  s u b s t a n t i a l l y  f o r  
d i f f e r e n t  w a v e l e n g t h s ,  w h i c h  may b e  t h e  c a u s e  o f  s e r i o u s  e r r o r s  i n  
m e a s u r e m e n t s  i n v o l v i n g  b r o a d  p o r t i o n s  o f  t h e  s p e c t r u m  [lo]. F i g u r e  
2 p r e s e n t s  t h e  c u r v e s  o b t a i n e d  b y  E s h b o r n  w i t h  t h r e e  i n t e r f e r e n c e  
l i g h t  f i l t e r s  ( y e f f  = 0 . 4 4 ,  0 . 5 2 ,  a n d  0 . 5 9 ~ )  h a v i n g  a h a l f - w i d t h  
t r a n s m i s s i o n  b a n d  of  1 5 0  8 ;  t h e  f o u r t h  l i g h t  f i l t e r  ( 0 . 7 5 ~ )  h a d  a 
h a l f - w i d t h  o f  0 . 2 3 ~ 1  C111. 

The b r i g h t n e s s  d i s t r i b u t i o n  a c r o s s  t h e  s k y  a t  t w i l i g h t  i s  f a r  
f r o m  b e i n g  u n i f o r m .  A b r i g h t  p o r t i o n  o f  t h e  s k y  i s  d i s t i n g u i s h e d ,  
v i z . ,  t h e  c o m p a r a t i v e l y  s m a l l  b r i g h t  s e g m e n t  n e a r  t h e  s o l a r  h o r i -  
z o n .  T h i s  i s  d e t e r m i n e d  by t h e  p r o p e r t i e s  o f  l i g h t  s c a t t e r i n g  u n -  
d e r  c o n d i t i o n s  w h e r e  t h e  a t m o s p h e r e  i s  i l l u m i n a t e d  f r o m  o n e  s i d e  by 
t h e  Sun f r o m  b e l o w  t h e  h o r i z o n .  The i s o p h o t s  c o m p u t e d  by N . M .  
S h t a u d e  [ 1 2 ]  ( w i t h  a l l o w a n c e  o n l y  f o r  p r i m a r y  m o l e c u l a r  s c a t t e r i n g  
o f  l i g h t  a t  2 = 9 0 ° )  show s u c h  a b r i g h t  s p o t  i n  t h e  s k y  a t  a s m a l l  
e l e v a t i o n  a b o v e  t h e  h o r i z o n .  A c c o r d i n g  t o  H u r l b u r t ' s  m e a s u r e m e n t s  
C131,  t h e  d i m e n s i o n s  of t h e  b r i g h t  s e g m e n t  d e c r e a s e  r a p i d l y  a s  t h e  
z e n i t h  d i s t a n c e  i n c r e a s e s .  The p o s i t i o n  a n d  t h e  b r i g h t n e s s  o f  t h e  
b r i g h t  s p o t  i s  d e p e n d e n t  on t h e  w a v e l e n g t h .  The m e a s u r e m e n t s  o f  
A. Kh. D a r c h i y a  [14] g i v e  a d e t a i l e d  p a t t e r n  o f  t h e  b r i g h t n e s s  d i s -  
t r i b u t i o n  i n  t h e  b r i g h t  s e g m e n t .  F i g u r e  4 shows d a t a  f o r  t h e  i n -  
s t a n t  t h a t  t h e  Sun i s  on t h e  h o r i z o n  (z = g o o ) ,  b u t  a s i m i l a r  p a t -  
t e r n  h o l d s  e v e n  when t h e  Sun i s  b e l o w  t h e  h o r i z o n  ( u p  t o  Z = 9 4 ' ) .  

M e a s u r e m e n t s  of  t h e  t w i l i g h t - s k y  g l o w  a l o n g  v a r i o u s  a l m u c a n t a r s  - / 6 7  
show t h a t  c h a n g e s  i n  t h e  b r i g h t n e s s  o c c u r  much more s l o w l y  a l o n g  
t h e  a z i m u t h  t h a n  a l o n g  t h e  v e r t i c a l .  

F i g u r e  5 s h o w s  t h e  m e a s u r e m e n t s  o f  O . D .  B o y a r o v a  [151 o b t a i n e d  
b y  v i s u a l  p h o t o m e t r y  w i t h o u t  l i g h t  f i l t e r s .  
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2 .  SPECTRAL BRIGHTNESS DISTRIBUTION ACROSS THE T W I L I G H T  SKY. 

7.513 

The b r i g h t n e s s  o f  a n y  p o r t i o n  o f  t h e  s k y  d u r i n g  t w i l i g h t  v a r i e s  
r a p i d l y  as  t h e  s o l a r  z e n i t h  d i s t a n c e  c h a n g e s .  T h e r e f o r e ,  t h e  so -  
c a l l e d  “ t w i l i g h t  c u r v e s ” ,  ? . e . ,  t h e  c u r v e s  i n  F i g u r e  2 s h o u l d  b e  
c o n s i d e r e d  t h e  f u n d a m e n t a l  p h o t o m e t r i c  c h a r a c t e r i s t i c  o f  t h e  t w i -  
l i g h t  s k y .  I t  was shown i n  P a r t  1 t h a t  t h e  s h a p e  o f  t h e  t w i l i g h t  
c u r v e s  i s  d e p e n d e n t  on t h e  w a v e l e n g t h ;  i t  v a r i e s  o v e r  t h e  c o u r s e  o f  
t h e  y e a r  a s  w e l l  a s  b e t w e e n  m o r n i n g  a n d  e v e n i n g  t w i l i g h t s .  I n  v i e w  
o f  t h i s ,  t h e  m o s t t y p i c a l  a n d  r e l i a b l e  t w i l i g h t  c u r v e s ,  m e a s u r e d  a t  
d i f f e r e n t  p o i n t s  of t h e  sky, f o r  d i f f e r e n t  w a v e l e n g t h s ,  s e p a r a t e l y  
for d i f f e r e n t  s e a s o n s  a n d  f o r  m o r n i n g  a n d  e v e n i n g ,  a r e  p r e s e n t e d  
b e l o w  i n  a s y s t e m a t i c  f o r m  f o r  t h e  c h a r a c t e r i s t i c s  o f  t h e  s p e c t r a l  
b r i g h t n e s s  d i s t r i b u t i o n  a c r o s s  t h e  t w i l i g h t  s k y .  The c o m p l e t e n e s s  
o f  t h e  d a t a  p r e s e n t e d  i s  l i m i t e d  t o  p u b l i s h e d  s t u d i e s  a n d  u n p u b l i s h e d  
m e a s u r e m e n t s  f r o m  t h e  A b a s t u m a n i  A s t r o p h y s i c a l  O b s e r v a t o r y .  

T A B L E  1 

Z e n i t h  I . -  --- 

I M a y  1947 ’ 
D i s t a n c e  
o f  Sun Zo; 

900.0 
6 

91.0 
5 

112.0 
5 

! I3  1) 

!):.o 
95.0 

5 
‘36.0 

97.0 
5 

98 0 
5 

99.0 
5 

100.0 
5 

101.0 
5 

1oa.o 

.) 

.a 

:) 

2.1. 

1 
__ 

2 

2.02-1 
1 .!IO3 
1.7w 
l . f i L 1  
1.9 68 
1.270 
1.074 
0.863 
0.612 
0.409 
0.167 
9324 
9.669 
9.413 
9.154 
8.S03 
8.653 
8.422 
8.195 
7491 
7.7% 
7.579 
7.379 
7.379 

May 1 9 4 8  

3 

2.1G2 
2.o:fl 
1.9 I ti 
1.765 
1.597 
1407 
1.19)) 

0.767 

, 0.269 
0.1 I12 
9.752 
9.483 
9.208 
8.9 I6 
8.677 
8.449 
8.211 

1 0.321 

~a37 
7 . ~ ~ 2  
7.644 
7.451 
7.268 
7.071 

T w i l i g h t  C u r v e s  M e a s u r e d  a t  

B l u e  Red 

A p r i l  - 
May 1 9 4 8  

4 

A p r i l  1 9 4 8  

W a v e l e n g t h s .  

5 

O.%i 
0.557 
0.6.92 
0.491 
U . 3 3 0  
0.149 
!I344 
9.713 
9.462 
9.189 
8.905 
8.61 7 
8.322 

, 8.025 
7.734 
7.447 
7.143 

t h e  Z e n i t h  f o r  D i f f e r e n t  

T a b l e  1 s h o w s  t w i l i g h t  c u r v e s  ( i n  r e l a t i v e  u n i t s )  f r o m  m e a s u r e -  
m e n t s  [ 1 6 ]  w i t h  t w o  l i g h t  f i l t e r s ,  v i z . ,  a b l u e  f i l t e r  ( c e n t e r e d  a t  
L?.k?S!l) z ~ r l  a r e d  f i l t e r  ( 0 . 6 3 5 ~ ) ;  a t w i l i g h t  c u r v e  w i t h o u t  a l i g h t  
f i l t e r  i s  g i v e n  f o r  c o m p a r i s o n .  T n i s  l a t t e r  c z ~ v e ,  v S + h  a l l o w a n c e  
f o r  t h e  s p e c t r a l  s e n s i t i v i t y  o f  t h e  p h o t o m u l t i p l i e r  ( t h e  m e a s u r e m e n t s  
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were made p h o t o e l e c t r i c a l l y ) ,  c o r r e s p o n d s  t o  an  e f f e c t i v e  w a v e l e n g t h  
o f  0.46~. I 

A c o m p a r i s o n  o f  t h e  f i g u r e s  i n  t h e  n e x t - t o - l a s t  a n d  l a s t  c o l u m n s  
o f  t h i s  t a b l e  c l e a r l y  shows t h e  e f f e c t  o f  t h e  " b l u e i n g "  o f  t h e  t w i -  
l i g h t  s k y  ( a t  t h e  z e n i t h )  w i t h  i n c r e a s i n g  z e n i t h  d i s t a n c e  o f  t h e  
s u n  d u r i n g  c i v i l  t w i l i g h t .  I n  f a c t ,  t h e  b r i g h t n e s s  o f  t h e  s k y  d e -  
c r e a s e s ,  w i t h  s o l a r  z e n i t h  d i s t a n c e ,  m o r e  r a p i d l y  i n  t h e  r e d  l i g h t  
f i l t e r  t h a n  i n  t h e  b l u e  l i g h t  f i l t e r ;  i f  t h e  r a t i o  o f  t h e  b r i g h t -  
n e s s  i s  J b l u e / J P e d  = 3 . 3  f o r  a z e n i t h  d i s t a n c e  o f  9 0 - 9 1 . 5 O  ( t h i s  
f o l l o w s  f r o m  t h e  f a c t  t h a t  l o g J b l u e  - l o g J P e d  = 0 . 5 2 ) ,  t h e n  f o r  a 
z e n i t h  d i s t a n c e  o f  9 4 O ,  t h e  r a t i o  i n c r e a s e s  t o  3 . 8 ,  f o r  a z e n i t h  

F i g .  6 .  
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d i s t a n c e  o f  96O, i t  i s  5 . 2 ,  a n d  f o r  a z e n i t h  d i s t a n c e  o f  9 8 O ,  it  
i n c r e a s e s  t o  6 . 9 .  

A f u l l e r  a n d  m o r e  d e t a i l e d  p a t t e r n  o f  t h e  d e p e n d e n c i e s  o f  t h e  / 6 9  - 
t w i l i g h t  c u r v e s  i s  g i v e n  by  t h e  m e a s u r e m e n t s  o f  Dave a n d  R a m a n a t h a n  
i n  I n d i a  [17] w i t h  s i x  f i l t e r s  h a v i n g  t h e  f o l l o w i n g  t r a n s m i s s i o n  
b a n d s :  

U 0.33-0.380 
77 0.364 - 0.405, 

(i 0.563 - 0.575, 
Y 0.58-0.60, 

I3 0.435 - 0.480, 

I/ OA60 - 0.64. 

Here t h e  i n t e n s i t i e s  a r e  g i v e n  i n  r e l a t i v e  u n i t s .  The m e a s u r e -  
m e n t s  were made i n  t h e  e v e n i n g .  F i g u r e  6 shows c u r v e s  a v e r a g e d  f o r  
2-3  d a y s  a s  f o l l o w s :  

L i g h t  f i l t e r  U - a v e r a g e  f o r  t h r e e  d a y s  ( 2 0 - 2 2  S e p t e m b e r  1 9 5 1 )  
11 V I t  11  11 ( 3 0  S e p t e m b e r  a n d  1 a n d  2 2  

I 1  G - a v e r a g e  f o r  2 d a y s  ( 2 3  a n d  28 S e p t e m b e r  1951) 

November 1 9 5 1 )  
1 1  B - ( 2 3  O c t o b e r  1951) 

I1  Y -  I 1  4 ( 1 9 - 2 2  S e p t e m b e r  1951) 
I 1  R -  I 1  I 1  2 11  ( 2 9  S e p t e m b e r  a n d  1 November 19Q 

To t h i s  p o i n t ,  w e  h a v e  e x a m i n e d  m e a s u r e m e n t s  i n  t h e  v i s i b l e  
p o r t i o n  o f  t h e  s p e c t r u m .  M e a s u r e m e n t s  i n  t h e  i n f r a r e d  r e g i o n  h a v e  
b e e n  made a t  t h e  A b a s t u m a n i  O b s e r v a t o r y .  T a b l e  2 p r e s e n t s  mean- 
m o n t h l y  v a l u e s  for d i f f e r e n t  s e a s o n s ,  s e p a r a t e l y  f o r  t h e  m o r n i n g  a n d  
e v e n i n g  t w i l i g h t s .  

F o r  p u r p o s e s  o f  c o m p a r i s o n ,  T a b l e  3 g i v e s  a n a l o g o u s  m e a s u r e -  
m e n t s ,  made s y n c h r o n o u s l y  a t  t h e  A b a s t u m a n i  O b s e r v a t o r y  i n  t h e  b l u e  
p o r t i o n  o f  t h e  s p e c t r u m  (0.533~1). 

2 . 2 .  The  S p e c t r a l  D i s t r i b u t i o n  of  t h e  Day-Sky B r i g h t n e s s  A l o n g  The /70 
V e r t i c a l  of  t h e  S u n .  

T a b l e  4 g i v e s  v a l u e s  o f  t h e  d a y - s k y  b r i g h t n e s s  a s  m e a s u r e d  i n  
S w i t z e r l a n d  [ 1 6 ]  d u r i n g  1 9 4 7  a t  d i f f e r e n t  p o i n t s  o f  t h e  v e r t i c a l  o f  
t h e  Sun o n  a w a v e l e n g t h  o f  0 . 6 3 5 ~ ;  t h e  m e a s u r e m e n t s  were made p h o t o -  
e l e c t r i c a l l y .  I n  t h i s  t a b l e ,  t h e  r o w s  a r e  f o r  d i f f e r e n t  v a l u e s  o f  
s o l a r  z e n i t h  d i s t a n c e s ,  w h i l e  t h e  c o l u m n s  a r e  for t h e  d i f f e r e n t  
v a l u e s  of t h e  z e n i t h  d i s t a n c e  of t h a t  p o i n t  i n  t h e  s k y  a t  w h i c h  t h e  
m e a s u r e m e n t s  were  m a d e .  The d a t a  a r e  g i v e n  i n  r e l a t i v e  u n i t s  ( t h e  
v a l u e  of t h e  l u m i n o s i t y  J f o r  t h e  z e n i t h  i s  t a k e n  e v e r y w h e r e  a s  
t h e  u n i t ) .  P o s i t i v e  Z a r e  t h e  l i n e s  of  v i s i o n  d i r e c t e d  t o w a r d  t h e  

t h e  o p p o s i t e  d i r e c t i o n  ( t h e  e a s t  i n  t h e  e v e n i n g ) .  The t a b l e  g i v e s  
I , v l , r Z u f  {+I., .,,-,,-.+ lr: * t h e  e v e n L c u )  IC? +he n p g a t i v ~  a v e  for 

0 \ L A I C -  . . _ U L  
--l-.- L - - - 2  
U V L c l l  
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T a b l e  5 p r e s e n t s  
0.528~1. I t  s h o u l d  b e  

s i m i l a r  d a t a  f o r  a s h o r t e r  w a v e l e n g t h ,  v i z . ,  
n o t e d  t h a t  for t h i s  w a v e l e n g t h  a l s o ,  t h e  d a y -  

s k y  b r i g h t n e s s  i s  c o n c e n t r a t e d  c l o s e  t o  t h e  s o l a r  h o r i z o n  (Z = 75O), 
b u t ,  i n  c o m p a r i s o n  w i t h  0.6351.1, t h e  b r i g h t n e s s  d i s t r i b u t i o n  a l o n g  
t h e  S u n ' s  v e r t i c a l  i s  more u n i f o r m ;  f o r  e x a m p l e ,  f o r  Z q =  9 4 O ,  t h e  
b r i g h t n e s s  a t  t h e  p o i n t  o f  t h e  v e r t i c a l  Z = 7 5 O  f o r  0 . 5 2 8  e x c e e d s  

~ 

, 

I t h e  b r i g h t n e s s  a t  t h e  z e n i t h  o n l y  by  a f a c t o r  o f  1 0 . 6  (J+75/J0=10.6), 

T A B L E  5 .  
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w h i l e ,  f o r  w a v e l e n g t h  0 . 6 3 5 ,  t h i s  r a t i o  i s  e q u a l  t o  1 3 . 4 .  B u t  t h i s  
e f f e c t  o c c u r s  o n l y  up  t o  Zp = 9 6 . 5 O ,  w h e r e  t h i s  r a t i o  h a s  v a l u e s  o f  
1 2 . 9  a n d  1 6 . 5 ,  r e s p e c t i v e l y .  For g r e a t e r  d e p r e s s i o n s  o f  t h e  s u n  
b e l o w  t h e  h o r i z o n ,  t h e  r a t i o  J+?5/Jo c o n t i n u e s  t o  i n c r e a s e  f o r  wave-  
l e n g t h  0.5281-1 (for Z@ = 9 8 O  i t  is e q u a l  t o  16.21, w h i l e  for wave-  
l e n g t h  6 3 5 ~ ~  t h e  r a t i o  d e c r e a s e s  ( t o  1 4 . 5  f o r  Z p  = 98O). 

However ,  for e v e n  g r e a t e r  Z p ,  a c h a n g e  i n  t h e  i n c r e a s e  of  t h a t  
r a t i o  a s  a f u n c t i o n  of Z p i s  a l s o  o b s e r v e d  for w a v e l e n g t h  0.5281-1 
( c o m p a r e ,  for e x a m p l e ,  t h e  v a l u e s  o f  J+75 f o r  Z E =  9 8 O . O  and  for 

/ 7 2  

! 

F i g .  7 a ,  b .  
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Fig. 7 c ,  d .  

Z deg 
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9 8 . 5 O  i n  T a b l e  5 ) .  

If w e  l o o k  a t  s i m i l a r  m e a s u r e m e n t s  f o r  a s t i l l  s m a l l e r  wave- 
l e n g t h  ( 0 . 4 3 5 ~ ;  T a b l e  6 1 ,  s u c h  c o m p a r i s o n s  show t h a t  t h e r e  a r e  s i m i -  
l a r  r e g u l a r i t i e s  f o r  t h e  s h o r t w a v e  e n d  o f  t h e  v i s i b l e  s p e c t r u m  a l s o :  
t h e  b r i g h t n e s s  d i s t r i b u t i o n  a l o n g  t h e  v e r t i c a l  o f  t h e  Sun i s  e v e n  
m o r e  u n i f o r m  ( J + 7 5 / J @  = 5 . 2 8  f o r  Z Q =  94O a n d  8 . 2 9  f o r  9 6 . 5 O ) ,  b u t  
t h e  r a t i o  ceases  t o  i n c r e a s e  f o r  g r e a t e r  Ze ( s e e  t h e  v a l u e s  f o r  
98.5O a n d  990 i n  T a b l e  6 ) .  T h i s  l a t t e r  f a c t  i s  r e l a t e d  t o  d i s t i n c -  
t i v e  v a r i a t i o n s  i n  t h e  s p e c t r a l  c o m p o s i t i o n  o f  t h e  i l l u m i n a t i o n  f r o m  
t h e  b r i g h t  s e g m e n t ,  a s u b j e c t  t h a t  w i l l  b e  m e n t i o n e d  i n  d e t a i l  b e -  
l o w  ( s e e  S e c t i o n s  2 a n d  3 ) .  D i f f e r e n t  r e g u l a r i t i e s  a r e  c h a r a c t e r -  
i s t i c  for t h e  b r i g h t n e s s  d i s t r i b u t i o n  i n  t h e  S u n ' s  v e r t i c a l  on t h e  
o t h e r  s i d e  of  t h e  z e n i t h ,  a s  t h e  n u m b e r s  i n  t h e  l a s t  c o l u m n  o f  
T a b l e s  4 -6  show.  

The  g r a p h s  i n  F i g u r e  7 g i v e  a c l e a r  i d e a  o f  t h e  a f o r e m e n t i o n e d  
p r o p e r t i e s  of  t h e  b r i g h t n e s s  d i s t r i b u t i o n  a l o n g  t h e  S u n ' s  v e r t i c a l .  
T h e s e  c u r v e s  were t a k e n  f r o m  a p a p e r  w r i t t e n  by  t h e  a u t h o r  o f  1 1 6 1 .  
T h e y  a r e  f o r  d i f f e r e n t  d e p r e s s i o n s  o f  t h e  Sun b e l o w  t h e  h o r i z o n  
( t h e  v a l u e  of  Z n  = - g o o  i s  shown n e a r  e a c h  c u r v e ) .  The d a t a  h e r e  
a r e  a l s o  g i v e n  i n  r e l a t i v e  u n i t s  ( J  = 1 i s  t a k e n  for t h e  z e n i t h ) .  

0 . 5 2 8  ( F i g .  7 c ) ,  a n d  0 . 4 3 5 ~  ( F i g .  7 b )  a s  w e l l  a s  f o r  m e a s u r e m e n t s  
w i t h o u t  a l i g h t  f i l t e r  ( F i g .  7 a ) ;  i n  t h e  l a s t  c a s e ,  a l l o w a n c e  w a s  
made f o r  t h e  s p e c t r a l  s e n s i t i v i t y  o f  t h e  a p p a r a t u s  ( X e f f  was t a k e n  
t o  b e  e q u a l  t o  0 . 4 6 ~ ) .  

The g r a p h s  a r e  a l s o  p l o t t e d  f o r  t h e  w a v e l e n g t h s  0 . 6 3 5  ( F i g .  7 d ) ,  /75 

Up t o  t h i s  p o i f i t ,  ::TO, have  e x a m i n e d  t h e  d a y - s k y  b r i g h t n e s s  d i s -  
t r i b u t i o n  a l o n g  t h e  v e r t i c a l  of t h e  s u n  i n  r e l a t i v e  u i i i t s .  The a h -  
s o l u t e  v a l u e s  of t h e  t w i l i g h t  s k y  b r i g h t n e s s  a t  v a r i o u s  p o i n t s  a r e ,  
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of  c o u r s e ,  o f  g r e a t  i n t e r e s t .  Such measurements  h a v e  b e e n  made a t  
t h e  A s t r o p h y s i c a l  I n s t i t u t e  o f  t h e  Academy of  S c i e n c e s  o f  t h e  Ka- 
z a k h  SSR ( t h e  Kamenskoye P l a t e a u ,  nea r  A l m a - A t a ) ,  u s i n g  a p h o t o -  
e l e c t r i c  p h o t o m e t e r  C181. The m e a s u r e m e n t s  were made w i t h  two i n -  
t e r f e r e n c e  l i g h t  f i l t e r s ,  c e n t e r e d  a t  0 . 3 7 1  a n d  0 . 5 7 6 ~  ( t h e  h a l f -  
w i d t h  t r a n s m i s s i o n  b a n d s  o f  t h e  l i g h t  f i l t e r s  was 1 6 5  8 a n d  7 4  8 ,  
r e s p e c t i v e l y ) .  The r e s u l t s ,  o b t a i n e d  i n  A p r i l  1 9 5 9 ,  a r e  g i v e n  i n  
T a b l e  7 ( f o r  0 . 3 7 1 )  a n d  T a b l e  8 (for 0 . 5 7 6 ) .  The t a b l e s  g i v e  t h e  
v a l u e s  i n  m i l l i o n t h s  ( s e e  t h e  f a c t o r  i n  t h e  l a s t  c o l u m n )  o f  
e r g / c m 2 s e c  . I  d e g r e e s .  
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1 0 - 6  
10-6 

1 0 - 7  
10-8 
10-8 

10-9 

.10-0 
10-10 

10-7 

10-9 

I I T A B L E  8 .  

1 0 - 6  
lo-‘; 

10-8 
1 0 - 8  

10-9 
10-’0 
10- lo 
10-10 
10-10 

10-7 
10-7 

10-9 

2 . 3 .  The B r i g h t n e s s  D i s t r i b u t i o n  i n  t h e  B r i g h t  S e g m e n t .  

The  s p e c i a l  f e a t u r e s  o f  t h e  s p e c t r a l  c o m p o s i t i o n  o f  t h e  i l l u m i -  
n a t i o n  o f  t h e  b r i g h t  s e g m e n t  h a v e  a l r e a d y  b e e n  m e n t i o n e d  a b o v e .  
T h i s  p r o b l e m  d e s e r v e s  a c o m p r e h e n s i v e  s t u d y ,  a l l  t h e  more  s i n c e  t h e  
d a y - s k y  b r i g h t n e s s  i s  c o n c e n t r a t e d  i n t o  t h e  c o m p a r a t i v e l y  s m a l l  
b r i g h t  s e g m e n t .  E x t e n s i v e  s t u d i e s  o f  t h i s  k i n d  h a v e  b e e n  made by  
A .  Kh. D a r c h i y a  [14]. Some o f  h e r  r e s u l t s  are g i v e n  i n  F i g u r e  4 .  
The s p e c t r a  o f  t h i s  p a r t  o f  t h e  t w i l i g h t  s k y  a r e  s e e n  t o  b e  e x t r e m e -  
l y  d i v e r s e ,  a f a c t  t h a t  i s  e a s i l y  e x p l a i n e d ,  s i n c e  t h e  m e a s u r e m e n t s  
were  made n e a r  t h e  h o r i z o n  w h e r e  t h e y  a r e  q u i t e  s e n s i t i v e  t o  e v e n  
s l i g h t  v a r i a t i o n s  i n  t h e  o p t i c a l  c h a r a c t e r i s t i c s  o f  t h e  a t m o s p h e r e  
( e x t i n c t i o n ,  a e r o s o l  s c a t t e r i n g ) .  F i g u r e  8 shows e x a m p l e s  v i  t h e  
s p e c t r a l  d e p e n d e n c i e s  o f  t h e  d a y - s k y  b r i g h t n e s s  ( i n  u n i t s  o f  d a y -  
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Fig. 8. , 19 IJ. 

4. 
4e. 
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t ime i l l u m i n a t i q n )  i n  t h e  b r i g h t  s e g m e n t  f o r  v a r i o u s  s o l a r  z e n i t h  
d i s t a n c e s .  The  s p e c t r a  c l e a r l y  show t h e  S h a p n y u i  o z o n e  a b s o r p t i o n  
ba%d b e t w e e n  0 , s  and 0.7 a l t h o u g h ' i t  v a r i e s  g r e a t l y  from day t o  

/77 ~ - 

it f i l t e r  - 
'04' May 

... 

blue 

1ws ' 

Apr-May 

d a y .  B u t  t h e  u n i t  s e l e c t e d  f o r  t h e  measurements  ( t h e  d a y - t i m e  l u m i -  
n o s i t y  o f  a h o r i z o n t a l  w h i t e  s c r e e n )  d i s r u p t e d  t h e  s p e c t E a l  b e h a v i o r  
of t h e  c u r v e s  i n  F i g u r e  8 b e c a u s e  l t h e  s p e c t r u m  of d a y - t i m e  i l l u m i n a -  
t i o n  d i f f e r s  g r e a t l y  f r o m  t h e  s p e c t r u m  o f  t h e  S u n .  

I 

\ 
F i g u r e  9 g i v e s , e x a m p l e s  o f  t h e  s p e c t r a l  d e p e n d e n c i e s  of t h e  

d a y - s k y  b r i g h t n e s s  a l s o  i n  u n i t s  o f  d a y - t i m e  i l l u m i n a t i o n  i n  t h e  
b r i g h t  s e g m e n t  f o r  d i f f e r e n t  z e n i t h  d i s t a n c e s  o f  t h e  l i n e  o f  v i s i o n  

for Z Q =  91O16' C141. A c o m p a r i s o n  of t h e  c u r v e s  i n  F i g u r e s  8 
a n d  9 s h o w s  t h a . t  t h e  S h a p n y u i  b a n d  a p p e a r s  more  c l e a r l y ,  t h e  c l o s e r  
t o  t h e  h o r i z o n  t h e  s p e c t r u m  i s  t a k e n .  

t The a b s o r p t i o n  o f  l i g h t  by  a t m o s p h e r i c  o z o n e  h a s  a n  i m p o r t a n t  
e f f e c t  on  t h e  c o l o r  o f  t h e  t w i l i g h t  s k y  [20-223. Coody a n d  Volz  
C191 c a l c u l a t e d  i n  d e t a i l  t h e  s p e c t r a l  c u r v e  o f  t h e  d a y - s k y  b r i g h t -  
n e s s  i n  t h e  s o l a r  v e r t i c a l  a t  p o i n t  2 = 70° ( w i t h  a l l o w a n c e  o n l y  
f o r  s i n g l e  s c a t t e r i n g )  qnd  a t  a s o l a r  z e n i t h  d i s t a n c e  of  90° i n  t h e  
r e g i o n  of t h e  S h a p n y u i  $ a n d  f o r  a p u r e l y  m o l e c u l a r  a t m o s p h e r e  ( C u r v e  
i n  F i g u r e  11) a n d  for a n  a t m o s p h e r e  c o n t a i n i n g  a e r o s o l s  ( C u r v e  D). 

.\- . .. 

TABLE 9 .  

with 

!) 17 Ma] 

2.1(32 
2030 
1 .!)I li 
1.765 
1.397 
i.417 
l.l!J9 ' 
0 . W  
0.767 
0.321 
U.!Z9 
0.012 
u.752 
!)A83 ' 
!). 20s 
&9lG 
KG77 
H.449 

X073 
* 7.M2 

7.644 
7.61 
7.2Gs 
7.077 

u.:i 

1 .:No 
1 .'LH!) 
1.1% , 

1.012 
O.H,l!) 
0.675 
0.478 
0.266 

!).WG 
!1.561 
!j.?#3 
9.043 
8.779 * .  ' 

. 8.618 
a w  
7 . w  

. 7.76 
' 7.613 

11.oJ'L 

\ 

: r e d  
.... . 
. .  

.%I8 Apri l  

0.867 * 
0.757 
0.632 
0.-2!)1 
0.330 . 
0.14!) 
! i ! j  I4 
!L7 13 

9.189 
8.905 
H.617 
H.322 
8025 . 
7.734 . 
7.447 
7.143 

9.4M , . ~ 
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The same f i g u r e  p r e s e n t s  t h e  r e s u l t s  o f  t h e i r  l u m i n o s i t y  m e a s u r e -  
m e n t s  w i t h  i n t e r f e r e n c e  l i g h t  f i l t e r s  f o r  t w o  d a y s  ( C u r v e s  3 and 4 )  
w i t h  t h e  solar z e n i t h  d i s t a n c e  e q u a l  t o  90°. 

without 

July+ ' July- 
Aug. 

2.177 1 357 
.5 2.071 1.2:gi 

91 .o I .94Y I .lW 
.5 I .807 0.Wi 

92.0 1.652 0.809 
.6 1.471 0.6% 

!Xi0 1.268 0.438 
0.226 
9.992 

.5 0.566 

.R 
I f i  0 

9j.0 9.492 
.n 0.046 9.241 

! K O  9.780 8.99 

97.0 9.248 a457 
.5 8.994 8. I91 

98 0 8.746 7.429 
.;I 8.512 7.697 

99.0 &303 7.472 
.5 

Aug. I 

900.0 

c 

.5 9.511 8.715 

2 . 4 .  S p e c t r a  o f  t h e  T w i l i g h t  Sky a t  t h e  Z e n i t h .  

0 528 0.635 
- 

. July- July- 
Aug.1 Aug. 

1.230 0.830 
0.793 1.129 

1.001 0.6% 
0.m 0.576 
0.706 0.433 
0 533 est; 
0.332 0.109 
0.100 9.892 
9.847 9.63 
!3.589 ' 9.36 
9.332 9.077 ' 

9.064 a791 
H.790 8507 

n.245 7.m 
7.977 7.6% 
7.712 7.446 
7.469 
7.229 

-~ - 

8519 a221 . 

R e f e r e n c e  [ 8 1  e m p l o y e d  a f a s t  f : l  s p e c t r o g r a p h  t o  o b t a i n  a num- / 7 9  - 
b e r  o f  s p e c t r a  a t  t h e  z e n i t h  €or d i f f e r e n t  s o l a r  z e n i t h  d i s t a n c e s .  
I t  w a s  p o s s i b l e  t o  e s t a b l i s h  t h e  n a t u r e  o f  t h e  v a r i a t i o n s  i n  t h e  
s p e c t r a l  c o m p o s i t i o n  o f  t h e  s c a t t e r e d  l i g h t  o f  t h e  t w i l i g h t  s k y  as  
a f u n c t i o n  o f  t h e  s o l a r  z e n i t h  d i s t a n c e  ( t h e s e  c u r v e s  w i l l  b e  exam- 
i n e d  i n  S e c t i o n  2 . 6 ,  s ee  F i g u r e  1 4 ) .  The m e a s u r e m e n t s  i n  a b s o l u t e  
u n i t s  made by I . M .  M i k h a i l i n ,  G.V. R o z e n b e r g ,  e t  a l ,  t h e  r e s u l t s  
o f  w h i c h  a r e  shown i n  F i g u r e  1 0 ,  a r e  o f  g r e a t  i n t e r e s t  ( c u r v e  1 i s  
f o r  9 1 ° 3 5 ' ,  c u r v e  2 i s  f o r  9 5 O 1 9 ' ,  a n d  c u r v e  3 i s  f o r  9 7 O 2 2 ' ) .  The 
n u m b e r s  on t h e  o r d i n a t e  m u s t  b e  m u l t i p l i e d  by  ( c u r v e  11, 
( c u r v e  2 ) ,  or 1 0 - 8  ( c u r v e  3 ) .  I n  m o n o g r a p h  C 3 3 ,  c u r v e s  s i m i l a r  t o  
t h o s e  shown i n  F i g u r e  1 0 ,  b u t  m e a s u r e d  i n  u n i t s  o f  s o l a r  b r i g h t n e s s ,  
c a n  b e  f o u n d .  

O b s e r v a t i o n s  o f  t h e  s p e c t r a  o f  t h e  t w i l i g h t  s k y  [ 2 3 ]  i n  t h e  
0 .55 -0 .661~ .  r e g i o n  w e r e  made i n  Y a k u t s k  i n  1 9 6 1  ( w i t h  t h e  f a s t  S P - 4 8  
s p e c t r o g r a p h ) .  

T A B L E  1 0 .  

8.105 
7.902 
7.703 
7.5511 
7.321 
7.131 

I 
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F i g u r e  1 2  r e p r o d u c e s  t h e  i n f r a r e d  s p e c t r a  o f  t h e  t w i l i g h t  s k y  
a s  m e a s u r e d  i n  t h e  summer of  1 9 6 3  a t  P u l k o v a  i n  a b s o l u t e  u n i t s  C241 .  
The a p e r t u r e  r a t i o  o f  t h e  m o n o c h r o m a t o r  w a s  f : 9  a n d  t h e  d i s p e r s i o n  
was 2 2  8 p e r  m m .  The e n e r g y  d i s t r i b u t i o n  c u r v e s  showed t h e  s t r o n g -  
e s t 0 2 a n d  H 2 0  a b s o r p t i o n  b a n d s .  The c u r v e s  w e r e  m e a s u r e d  f o r  d i f -  - / 8 0  
f e r e n t  d e p r e s s i o n s  o f  t h e  Sun b e l o w  t h e  h o r i z o n  a n d  20 was - 9 O O .  

, 2 . 5 .  D i s t r i b u t i o n  o f  t h e  S p e c t r a l  B r i g h t n e s s  A c r o s s  t h e  T w i l i g h t  
Sky i n  V a r i o u s  S e a s o n s .  

I t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e r e  a r e  s e a s o n a l  v a r i a t i o n s  
w h i c h  c h a r a c t e r i z e  t h e  s p e c t r a l  c o m p o s i t i o n  o f  t h e  t w i l i g h t  s k y  a t  
i t s  v a r i o u s  p o i n t s .  T a b l e s  9 a n d  1 0  p r e s e n t  m e a s u r e m e n t s  made C l 6 l  
i n  1 9 4 7 - 1 9 4 8  d u r i n g  t h e  s p r i n g  ( A p r i l - M a y ,  T a b l e  9 )  a n d  a t  t h e  e n d  
of  summer ( J u l y - A u g u s t ,  T a b l e  1 0 )  w i t h  d i f f e r e n t  l i g h t  f i l t e r s ,  
c e n t e r e d  a t  0 . 4 3 5 ~  ( b l u e ) ,  0.52811 ( g r e e n ) ,  a n d  0 . 6 3 5 ~  ( r e d ) .  The 
m e a s u r e m e n t s  w e r e  made a t  t h e  z e n i t h ;  t h e  r e s u l t s  a r e  shown i n  r e l a -  
t i v e  u n i t s  ( t h e  t a b l e s  g i v e  t h e  v a l u e s  o f  t h e  l o g a r i t h m s  o f  b r i g h t -  
n e s s ) .  

T A B L E  11. 

I i I I 

, 
.._-- - 

!W.O 
.5 

!I1 .O 
.5 

92.0 

93.0 
.5 

94.0 

..) 

I ,  \. z i 

91.0 
.5 

92.0 
. .5 

‘13.0 
.6 

! )UI 

9.65 
9.3i 
!).:XI 
!I, 18 
8.89 
8.61. 
8.50 
7.12 
H.27 

4.94 
4.64 
4.5:) 
4.45 
4.22 
3 . s  
3.63 
3.39 
:;.70 

1.40 
1.30 
1.m 
1.26 
1.25 
1.26 
1.14 
1 .OH 
1.11 

1.79 2.55 3.32 
1.76 2.43 $13 
1.76 2.‘% -2% 
1.66 2.18 2.6H 
1.59 2-02 2.34 
1.56 1.90 2.01 
1 . 4 3  1.63 1.73 
1.31 1.54 1.46 
1.48 1.M 1.46 

I 

1.59 
1 .ti0 
J .5!J 
1.54 

1.40 

I .21 
1.33 

1 1.49 

1 
1 
1 .  
1 
1 
1 
1 
1 
1 

~ 

1.45 1.H9 2.69 4.17 
1.39 1.84 2.66 3.91 
1.33 1.81 2.59 3.63 
1.2’3 1.73 . 2.46 328 
1.21 1.64 2.20 2.54 
1.19 1.54 1.91 1.25 
1.23 1.45 1.70 1.94 
1.23 1.39 1.54 1.63 
1.18 1.20 1 . 3  1.42 

I T a b l e s  4 - 6  i n  S e c t i o n  2 . 2 .  p r e s e n t e d  d a t a  C161 o n  t h e  mean 
a n n u a l  d i s t r i b u t i o n  o f  b r i g h t n e s s  a l o n g  t h e  v e r t i c a l  o f  t h e  s u n .  
T h i s  same p a p e r  g a v e  s i m i l a r  d a t a ,  b u t  f o r  t h e  i n d i v i d u a l  m o n t h s :  
for i j e c e i ~ l h e i * - ~ t ~ c i r ~ 7  [ I  6 1  g a v e  s i m i l a r  d a t a ,  b u t  for t h e  i n d i v i d u a l  
m o n t h s :  f o r  D e c e m b e r - J a n u a r y  ( 0 . 5 2 8 1 ~ ~  T a b l e  ii; G.C55.;, T z h l e  1 2 )  
a n d  f o r  A p r i l - M a y  ( 0 . 4 3 5 p ,  T a b l e  1 3 ;  0 . 6 3 5 ~ ,  T a b l e  1 4 ) .  A c o m p a r i -  
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son between Table 11-14 and Tables 4-6 permits the existence of 
marked seasonal variations in the brightness distribution to be es- 
tablished. 

3.18 2 12 

3.16 209 
3.30 2.08 
3.28 209 
3.11 2.03 
3.28 2.11 
3.33 2.11 
3.40 2.19 
3.53 2.27 
370 2.32 
3.93 2.42 
4.24 2.51 
4.49 2.57 
4.71 2.67 

.6.03 2 8.3 
6.40 2.98 

5.15 2.76 

3.15 2.03 

323, 2.86 

Extensive data, permitting a judgment to be formed on certain 
regularities of the seasonal variations, were obtained at the Abas- 
tumani Astrophysical Observatory. These data encompassed various 
portions of the visible spectrum and the infrared spectrum. Table 
2 (see Section 2.1.) gives measurements in the infrared region: the 

relative units. The observations were made with a photoelectric 
photometer through a light filter centered at 0.941-1; the transmis- 
sion band of the light filter had a half-width of 0.14~. 

/81 mean-monthly values of the logarithms of brightness are shown in - 

1.43 

1.43 
1.43 
1.43 
1 . 4 2  
1.43 
1.44 
1.49 
l..W 
1.53 
1.55 
1.61 
1.63 
1.71 
1.82 
1.93 
1.90 
1.86 

1.42 

TABLE 13. 

1 
1 
1 
1 
1 
1 
7 
1 
1 
1 
I 
1 
7 
1 
1 
I 
1 

!W.0 
.5 

9 1  .o . b 
92 0 

.6 
93.0 

.5 

1.26 
1.28 
1.27 
1.21 
1.18 
1.14 
1.11 
1.03 
1.07 
1.05 
1.03 
1.02 
1.04 
1.12 
1% 
1.26 
127 

94.0 
.5 

!5.0 
.5 

96.0 
.5 

97. ( b 
.5 

98 0 
.5 

99.0 

2.24 
2.63 
1.96 
1.78 
1.70 
1.59 
1.50 
1.43 
1.37 
1.36 
I..% 
1 3 5  
1.63 
1.77 
1.99 
2.08 
2.17 

4.78 
4.89 
5.0 1 
5.19 
5.29 
5.30 
5.28 
5.34 

6.89 
6.41 
7.03 
7.89 

9.72 
1.1 .o 
12.9 
1R.T) 

5 . 5 ~  

112.5 

2.22 
2.04 
1.81 
1.70 
1.41 
1.32 
1.26 
1.21 
1% 
1.31 
1.43 
1.52 
1.68 
1.89 
2.10 
2.13 
2.17 

1.69 
1.67 
1.66 

1.43 
1.37 
1.33 
1.28 
1.24 
1.25 

.1.21 
1.31 
1 .XI 
1.74 
1.83 
1 .%I 

Measurements were made simultaneously in the visible region of 
the spectrum. Table 15 gives the same data for 0 . 6 4 ~  (the width 
of the transmission band of the light filter was 0.11~) and Table 
3 (see Section 2.1) gives data for 0 . 5 3 3 ~  (the transmission band 
was 0.12~). 

An analysis of the seasonal variations and the reasons behind 
them produces a complex and inadequately studied problem if we re- 
fer to the quantitative theory of the corresponding processes. But 
four basic groups of processes can be pointed out. 

1. The seasonal changes in the structure of the atmosphere 
(the vertical distribution of temperature, density, etc.), which 
STS z c c s m ~ s n i e d  hy corresponding changes in its optical character- 
istics. 
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2 .  S e a s o n a l  v a r i a t i o n s  i n  t h e  t u r b i d i t y  o f  t h e  a t m o s p h e r e ,  
i n c l u d i n g  i t s  h i g h  l a y e r s ,  w h i c h  s t r o n g l y  a f f e c t s  t h e  s c a t t e r i n g  
power  o f  v a r i o u s  l a y e r s  a n d ,  t h e r e f o r e ,  t h e  b r i g h t n e s s  a n d  s p e c t r a l  
c o m p o s i t i o n  o f  t h e  b a c k g r o u n d  o f  t h e  t w i l i g h t  s k y .  

3 .  S e a s o n a l  v a r i a t i o n s  o f  t h e  o z o n e  c o n t e n t ,  

4 .  The l u m i n o s i t y  o f  t h e  u p p e r  l a y e r s  o f  t h e  a t m o s p h e r e  d e -  
p e n d s ,  among o t h e r  f a c t o r s ,  o n  t h e  d e g r e e  o f  d i s s o c i a t i o n ,  t h e  i o n i -  
z a t i o n  o f  v a r i o u s  c o m p o n e n t s  o f  t h e  a t m o s p h e r e  ( e s p e c i a l l y  o x y g e n ) ,  
a n d  t h e  r a t e  o f  many c h e m i c a l  ( p h o t o c h e m i c a l )  r e a c t i o n s ,  w h i c h  v a r y  
t h r o u g h o u t  t h e  c o u r s e  o f  t h e  y e a r  a s  a r e s u l t  o f  s e a s o n a l  v a r i a t i o n s  
i n  t h e  s o l a r  z e n i t h  d i s t a n c e  a n d  for o t h e r  r e a s o n s .  

E x t e n s i v e  d a t a  o n  t w i l i g h t  o b s e r v a t i o n s  ( a b o u t  1 0 0  c a s e s )  h a v e  
b e e n  c o l l e c t e d  a t  t h e  B l u e  H i l l  O b s e r v a t o r y  n e a r  B o s t o n  (USA). The 
d a y - s k y  b r i g h t n e s s  was m e a s u r e d  i n  t h e  v e r t i c a l  o f  t h e  Sun a t  a n  1'82 
e l e v a t i o n  o f  2 0 °  a b o v e  t h e  h o r i z o n .  F i v e  l i g h t  f i l t e r s  were  u s e d  
i n  t h e  0 . 3 8 - 0 . 6 8 ~  r e g i o n .  I t  was e s t a b l i s h e d  t h a t  t h e  a b s o l u t e  
v a l u e  o f  t h e  b r i g h t n e s s ,  t h e  g r a d i e n t ,  a n d  t h e  c o l o r  v a r i e s  as  a 
f u n c t i o n  o f  s e a s o n .  I n  t h e  o p i n i o n  o f  t h e  a u t h o r  o f  C281, t h e  s e a -  
s o n a l  v a r i a t i o n s  a r e  i n  p a r t  c a u s e d  b y  v a r i a t i o n s  i n  t h e  o z o n e  c o n -  
t e n t .  R e f e r e n c e  [ 2 8 ]  r e p o r t s  t h a t  t h e  v a r i a t i o n s  i n  t h e  o z o n e  c o n -  
t e n t  c a n  b e  c a l c u l a t e d  f r o m  m e a s u r e d  v a l u e s  o f  t h e  t w i l i g h t  s k y  
b r i g h t n e s s  made t h r o u g h  g r e e n ,  o r a n g e  a n d  r e d  l i g h t  f i l t e r s  " w i t h  
s u r p r i s i n g  a c c u r a c y " .  However ,  a c c o r d i n g  t o  C281, t h e  p r i m a r y  c a u s e  
o f  s e a s o n a l  v a r i a t i o n s  i n  t w i l i g h t  i s  v a r i a t i o n s  i n  t h e  s c a t t e r i n g  
o f  l i g h t  by  a e r o s o l  p a r t i c l e s  a t  1 0 - 3 0  km. The v e r t i c a l  d i s t r i b u t i o n  
o f  t h e  c o n c e n t r a t i o n  o f  a e r o s o l s ,  a s  o b t a i n e d  f r o m  t w i l i g h t  o b s e r -  
v a t i o n s  i n  t h e  f a l l  a n d  w i n t e r ,  i s  i n  g o o d  a g r e e m e n t  w i t h  t h e  d a t a  
o b t a i n e d  f r o m  d i r e c t  m e a s u r e m e n t s  o f  t h e  a e r o s o l  d i s t r i b u t i o n ,  u s i n g  
a n  i m p a c t o r  l i f t e d  by  a s t r a t o s p h e r e  b a l l o o n ,  a n d  f r o m  o p t i c a l  meas- 
u r e m e n t s  w i t h  r o c k e t s .  
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The aforementioned variations occur not only as a function of 
the time of the year, but also as  a function of the phase of the 
cycle of solar activity and the time of the day. The influence of 
solar activity on the spectral brightness of the twilight s k y  is 
almost uninvestigated (this statement does not refer to the inten- 
sity of individual lines and bands in the twilight illumination of 
the atmosphere, a type of illumination that will be examined in the 
third part of the present survey). The dependence on the time of 
the day will be examined in the following section. 

2.6. Diurnal Variations in the Spectrophotometric Characteristics 
of the Twilight Sky. 

A comparison of the morning and evening twilight curves defi- 
nitely shows marked differences between them, the nature of which 
depends, obviously, on the examined portion of the spectrum, region 
of the sky, and time of the year. 

A typical evening twilight curve (for 0 . 6 3 ~ )  is shown in Fig- 
ure 13; this curve, which covered 32 evenings, was plotted from / 8 3  
measurements made in Czechoslovakia C 2 5 1 .  If we compare the evening 
measurements made at the Abastumani Observatory for 0 . 6 4 ~  (Table 15) 
with this evening curve, a good agreement can be noted between these 
data. However, the Abastumani measurements were made at the same 
time of the morning, a fact that permits the variations from even- 
ing to morning to be directly traced. Pertinent in this respect 

TABLE 15. 

3.15 3.71 3.80 
2.91 33'3 3.m 
2.73 3.06 3.45 
2.50 2.74 3.21 

I.!N 2 23 2.80 

1.32' 1.7.3 2.34 
1.22 1 5 . ~ 1  2.14 

2.281 2.52 3.f 4 

1.74 1 1.93. 2.65 

3.52 0 621 O.!Jl 
9.4 11 0.551 0.78 
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also are the measurements made in India C 2 6 1 ,  using interference 
light filters centered at wavelengths of 0.63 and 0.56 ; the results 
are given in absolute units (candles/cm2 sterad). Table 16 gives 
averaged values for the zenith during November and January for the 
evening (39 observations) and the morning (37 observations) sepa- 
rately. The resulting data were subjected to analysis to clarify 
the effect of multiple scattering. 

Systematic measurements were made in Czechoslovakia of the 
morning and evening twilight curves at several wavelengths C271. 
Table 17 (Lomnitskiy, 4S0N, 20°E) and Table 18 (Yavorina, 48ON, 19O 
E) show measurements in the green portion of the spectrum ( 0 . 5 8 ~ )  
in relative units, averaged during August 1956. Simultaneously, 
observations were made at three wavelengths at the same time, viz., 
0.56, 0.59, and 0 . 6 3 ~  at two different stations in Czechoslovakia. 
The results are shown in relative units for Sitno (48O N, 18OE) in 
Table 19 and for Ondrzheiova ( 5 0 °  N, 15O E) in Table 20. 

It is necessary to bear in mind that these studies of the Czech- 
oslovakian astronomers [27], as well as the other studies mentioned 
above, used interference light filters characterized 
ly narrow transmission bands. 
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by comparative- 

These light filters were centered at wavelengths characterized 
h y r  U J  t h e  f a c t  that the bright lines of emission in the atmosphere are 
located there: the green ( 0 . 5 5 ' 1 p j  and r * e d  <G.S2S. ;?  I?I?PS of atomic 
oxygen and the yellow doublet of sodium (0.5893~). The interpreta- 
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t i o n  of  t h e s e  o b s e r v a t i o n s  m u s t  be made c a u t i o u s l y .  The p o i n t  i s  
t h a t  t h e s e  l i g h t  f i l t e r s  t r a n s m i t  s o  much l i g h t  f r o m  t h e  s k y  ( b a c k -  
g r o u n d )  t h a t  t h e  m e a s u r e d  i n t e n s i t i e s  c a n  o n l y  b e  a p p r o x i m a t e l y  as -  
c r i b e d  t o  t h e  a t o m i c  e m i s s i o n  l i n e s .  For t h i s  l a t t e r  p u r p o s e ,  more / 8 5  
r e l i a b l e  r e s u l t s  a r e  g i v e n  b y  m e a s u r e m e n t s  made w i t h  s p e c t r o g r a p h s  
( t h e s e  w i l l  b e  d i s c u s s e d  i n  t h e  t h i r d  p a r t  o f  t h e  s u r v e y ) .  B u t  t o  
a s c r i b e  t h e  m e a s u r e d  i n t e n s i t i e s  p r i m a r i l y  t o  s c a t t e r e d  l i g h t  i s  
a l s o  r i s k y ,  s i n c e  t h e  b r i g h t n e s s  o f  t h e  l i n e s  may b e  a s u b s t a n t i a l  
p a r t  o f  t h e  t o t a l  b r i g h t n e s s .  
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The variation in the spectral composition of the atmospheric 
twilight glow f r o m  morning to evening, which can be ascertained by 
comparing the twilight curves as measured with various light filters 
(see Tables 14-19), can also be investigated by comparing the energy 
spectra of the morning and evening twilights. Such studies were 
carried out in the Crimea with the use of a fast f:l GO1 spectro- 
graph. Figure 14 shows curves of the intensity as a function of the 
height of the ''twilight beam", i.e., the height of the effective 
scattering layer, which somewhat exceeds the height of the Earth's 
shadow (by roughly 20 km for the examined region of the spectrum 
and which consequently increases with increasing solar zenith dis- 
tance. These curves show a blueing of the twilight sky at the ze- 
nith with increasing solar zenith distance; the curves are plotted 
such that, for all h ,  the brightness of the twilight sky for 0.60 
is arbitrarily taken as the unit. 
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203  207 
2.33 2.3s 
2.52 2.56 

The graphs show that the general nature of the variation in 
color of the sky as a function of the solar zenith distance is iden- 
tical in the morning and in the evening, but the quantitative char- 
acteristics of the variation in color differ somewhat. 
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3. MEASUREMENTS OF THE INTENSITY 
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OF INDIVIDUAL LINES OF THE TWI- 
LIGHT S K Y  GLOW. 

In addition to the Sun?s light scattered by t i l t :  a t i i i c s ~ h e r e ,  
the characteristics of which were examined in the second part of 
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t h i s  s u r v e y ,  t h e  t w i l i g h t  s k y  g l o w  i n c l u d e s  a number  o f  l i n e s  a n d  
b a n d s  c a u s e d  by  t h e  e m i s s i o n  o f  a t o m s  a n d  m o l e c u l e s  t h a t  f o r m  t h e  
E a r t h ’ s  a t m o s p h e r e .  I n  t h e  v i s i b l e  p a r t  o f  t h e  s p e c t r u m ,  t h e  l i n e s  
o f  a t o m i c  o x y g e n  a n d  s o d i u m  a r e  most  i n t e n s e .  I n  a d d i t i o n ,  t h e r e  
a r e  h y d r o x y l  O H  b a n d s ,  b u t  t h e i r  i n t e n s i t y  i s  s m a l l  a n d  s u b j e c t  t o  
g r e a t  f l u c t u a t i o n s .  Even  l e s s  r e g u l a r  a r e  t h e  s p e c t r o g r a m s  o f  t h e  
i o n i z e d  N 2 +  b a n d  ( a b o u t  3 9 1 4  8 1 ,  t h e  l i n e s  o f  o t h e r  e l e m e n t s  of t h e  
a l k a l i  m e t a l  g r o u p s  ( l i t h i u m ,  p o t a s s i u m )  as  w e l l  a s  t h e  l i n e s  of  
h e l i u m  a n d  i o n i z e d  c a l c i u m .  Data a r e  g i v e n  b e l o w  o n  t h e  i n t e n s i t y  
a n d  s p a c e - t i m e  v a r i a t i o n s  o f  t h e s e  l i n e s .  

3 . 1 .  The E m i s s i o n  o f  A t o m i c  Oxygen.  

The r e d  l i n e s  o f  o x y g e n  a t  6300 8 a n d  ( e v e n  w e a k e r )  a t  6364 8 
a p p e a r  r e g u l a r l y  o n  s p e c t r o g r a m s  of t h e  t w i l i g h t  s k y ;  t h e  t h i r d  com- 
p o n e n t  o f  t h i s  t r i p l e t ,  t h e  l i n e  a t  6 3 9 2  8 i s  v e r y  weak a n d  i s  o b -  
s e r v e d  w i t h  d i f f i c u l t y .  The i n t e n s i t y  o f  t h e  6 3 0 0  1 l i n e  i s  meas-  
u r e d  a t  h u n d r e d s  o f  R a y l e i g h s  a n d  may r e a c h  a maximum o f  1 5 5 0  Ray- 
l e i g h s  C311. I t  s l o w l y  d e c r e a s e s  w i t h  i n c r e a s i n g  z e n i t h  d i s t a n c e  
o f  t h e  s u n  a n d  i s  r e d u c e d  g r a d u a l l y  t o  t h e  n i g h t  v a l u e  o f  5 0 - 1 0 0  
R a y l e i g h s .  The i n t e n s i t y  o f  t h e  6364 8 l i n e  r e a c h e s  4 0 0  R a y l e i  h s  

l i n e  i s  0 . 3  8 ,  a s  w a s  shown by i n t e r f e r e n c e  m e a s u r e m e n t s  C32,  3 3 1 .  
a n d  d e c r e a s e s  a t  n i g h t  t o  4 0  R a y l e i g h s .  The w i d t h  o f  t h e  6300 s 

T h e r e  i s  a d i u r n a l  a n d  a s e a s o n a l  t r e n d  i n  t h e  i n t e n s i t y  o f  t h e  / 8 7  - 
r e d  o x y g e n  l i n e s .  I t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  e v e n i n g  i n t e n -  
s i t y  i s  g r e a t e r  t h a n  t h e  m o r n i n g  i n t e n s i t y  [ 2 9 ,  3 0 1 .  A c c o r d i n g  t o  
t h e  d a t a  of  t h e  A b a s t u m a n i  O b s e r v a t o r y ,  t h e  r a t i o  b e t w e e n  t h e  morn-  
i n g  a n d  t h e  e v e n i n g  i n t e n s i t i e s  h a s  a s e a s o n a l  t r e n d  w i t h  a m i n i -  
mum i n  March a n d  S e p t e m b e r .  The i n t e n s i t y  o f  t h e  l i n e s  v a r i e s  
t h r o u g h o u t  t h e  c o u r s e  of  t h e  y e a r ,  h a v i n g  a maximum a n d  minimum i n  
t h e  w i n t e r .  

A s  r e g a r d s  t h e  g r e e n  5 5 7 7  8 o x y g e n  l i n e ,  i t  was u n c l e a r  for a 
l o n g  t i m e  w h e t h e r  t h e  i n t e n s i f i c a t i o n  o f  t h e  e m i s s i o n  was c o m p a r a b l e  
a t  t w i l i g h t  w i t h  t h a t  o f  n i g h t  e m i s s i o n .  O b s e r v a t i o n s ,  made d u r i n g  
t h e  I G Y ,  showed t h a t  a t w i l i g h t  i n t e n s i f i c a t i o n  o f  t h e  g r e e n  l i n e  
o c c u r r e d ,  b u t  w a s  n o t  s o  r e g u l a r  a n d  m a r k e d  a s  t h e  i n t e n s i f i c a t i o n  
of  t h e  r e d  l i n e s  C341. I t  i s  a p p a r e n t  t h a t  t h e r e  i s  a s e a s o n a l  
t r e n d  i n  t h e  b r i g h t n e s s  of  t h e  g r e e n  l i n e  w i t h  a maximum i n  t h e  f a l l  
a n d  w i n t e r .  O b s e r v a t i o n s  a t  t h e  A b a s t u m a n i  O b s e r v a t o r y  i n d i c a t e  
t h a t  t h e  g r e a t e s t  t w i l i g h t  i n t e n s i f i c a t i o n  o f  t h e  g r e e n  l i n e  o c c u r s  
i n  S e p t e m b e r - O c t o b e r .  

S t u d i e s  a t  t h e  I n s t i t u t e  of  A t m o s p h e r i c  P h y s i c s  o f  t h e  Academy 
of  S c i e n c e s ,  U S S R  e s t a b l i s h e d  t h e O p r e s e n c e  i n  t h e  t w i l i g h t  g l o w  o f  
t h e  8 4 4 6  8 o x y g e n  l i n e  ( 3 3 P  - 3 3 S l >  w i t h  a mean i n t e n s i t y  o f  1 3  
R a y l e i g h s .  R e s u l t s  o b t a i n e d  on t h e  b a s i s  o f  o b s e r v a t i o n s  a t  t h e  
T v e n I g n r o d  S t a t i o n  [ 3 6 ]  of t h e  I n s t i t u t e  of  A t m o s p h e r i c  P h y s i c s  
d u r i n g  1 9 6 0  a r e  g i v e n  i n  Table 2 1 ,  >?here. t h e  c o n d i t i o n s  o f  o b s e r v a -  
t i o n  a r e  shown ( A  i s  t h e  m a x i m u m  a n g l e  o f  t h e  S u n ’ s  d e p r e s s i u i i  ‘US 
l o w  t h e  h o r i z o n ,  hmin a n d  hmax a r e  t h e  minimum a n d  maximum e l e v a -  
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tions of the boundary of the unilluminated part of the atmosphere 
during the course of an exposure). 

Jones and Harrison C371 detected the’Ag - 3Cg oxygen band (0.1) 
at about 1 . 5 8 ~  in the infrared spectrum of the twilight sky. The 
band showed up on the spectrogram of the evening twilight; this 
band did not appear in the morning twilight. Measurements made in 
January - February 1957 showed the brightness of the band to be 17.6 
kilorayleighs on the average, varying between 12 and 20 kilorayleighs. 

3.2. The Yellow Sodium Doublet. 

The twilight flare-up of the 5890 8 and 5896 8 sodium lines is 
characterized by great brightness, but distinguished from the twi- 
light glow of the red oxygen lines by their short duration. Figure 
15 shows examples o f  the curves of the change in the intensity of 
the sodium lines as a function of the solar zenith distance. The 
maximum brightness of the yellow line is observed for a solar ze- 
nith distance of 96-98O when the brightness exceeds the night value 
by a factor of lo2 - 10’. 
5*10-3 erg/sec cm2 sterad C341. According to measurements made at 
the high-altitude station at Andakh C311, the twilight intensity 
of the sodium doublet is 6000 Rayleighs, which is 250 times greater 
than the night intensity. According to measurements made in Aus- 
tralia and the Antarctic C381 the twilight intensity exceeds the 
night intensity by a factor of 15-50. 

The energy brightness of the lines reaches 

During the course of the year, the intensity of the twilight 
sodium illumination varies by a factor of 5-15, according to the 
measurements of a number of investigators. The maximum is observed 
in the winter and the minimum, in the summer. However, measurements 
made in different months and different years yield results that are 
not in complete agreement. Reference c501 noted that in France, 
from November to April, the yellow line is clearly observed for a 

of April, the brightness of the line decreases, starting with small 
solar zenith distances. 

solar zenith distance between 96O30’ and l o o o ;  from the beginning /88 

In June and July, no illumination is observed; it appears in 
August at a solar zenith distance of 98-looo. At the beginning of 
October, the yellow line is clearly visible in the spectrograms 
and its intensity increases in November. In Norway, a clear maxi- 
mum in the brightness is noted in December-January C511. According 
to the data of [52], the emission is not bright in the summer, but 
very strong in the winter; in fall and spring, the emission is very 
weak or completely nonexistent. The principal maximum is observed 
in December, while the secondary maximum is noted in July. The 
ratio between the winter brightness and the summer brightness is 
about 3.7 on the average for a solar zenith distance of 95-96O. 
According t o  vl,se~-;at?nnn made in Canada C501, a clear maximum of 
3 4 0 1 0 ~  photon/cm2 sec-sterad occurs at the end v i  reb=. -=ry  and a 
pronounced minimum of 7=107 photon/cm2sec*sterad occurs at the end 

26 



r 

of J u n e .  B u t  s t u d i e s  made i n  F r a n c e  u s i n g  a d i f f e r e n t  m e t h o d  C531 
r e c o r d e d  i n t e n s i t y  maxima i n  November a n d  March a n d  m i n i m a  i n  J a n -  
u a r y - F e b r u a r y  . 

T A B L E  2 1 .  

15-16 May 
36-27 
27-’& 
19- 0 
30-31 
5-6 June 
S-9 

10-11 
17-18 
18-19 
20-21 

’ 26-27 
‘27--28 
-1-5 Ju ly  
9-10 

10- 11 
11-12 
21 - 22 
24-25 
‘25-26 
6-7 Aug . 

10 
12 
75 
14 
12 
17 
11 
25 
16 
14. 
13 
15 
19 
11 
23 

!t 
14 
9 
4 
H 
(5 

10 50 
10 55 
11 00 
11 
12 00 
12 05 
12 10 
13 40 
14 ‘20 
14 40 
17 20 

105 
11.5 
115 
115 
145 
1.53 
160 
310 

U n u s u a l  s p a t i a l  v a r i a t i o n s  i n  t h e  t w i l i g h t  s o d i u m  e m i s s i o n  h a v e  
b e e n  n o t e d  i n  F r a n c e  [ 5 4 ] ;  t h e  b r i g h t n e s s  t o  t h e  wes t  w a s  1 . 5  t i m e s  
g r e a t e r  ( o n  t h e  a v e r a g e )  t h a n  t o  t h e  e a s t  o f  t h e  Upper  P r o v e n c e  Ob- 
s e r v a t o r y .  H o w e v e r ,  t h i s  r e l a t i o n s h i p  may v a r y  d u r i n g  t h e  c o u r s e  
o f  t h e  d a y .  

The r a t i o  o f  t h e  i n t e n s i t i e s  of t h e  s o d i u m  d o u b l e t  c o m p o n e n t s  
was d e t e r m i n e d .  A c c o r d i n g  t o  m e a s u r e m e n t s  made n e a r  Moscow [ 3 9 ] ,  
t h e  r a t i o  C =Jd2:Jd l  v a r i e s  from 1 . 1 0  t o  1 . 3 2  as  a f u n c t i o n  o f  t h e  
s o l a r  z e n i t h  d i s t a n c e  a n d  t h e  p o i n t  o f  t h e  s k y  o b s e r v e d .  M e a s u r e -  
m e n t s  i n  C a n a d a  y i e l d e d  t h e  f o l l o w i n g :  c = 1 . 5 0 2 0 . 0 2 ,  w h i l e  meas- 
u r e m e n t s  made i n  F r a n c e  y i e l d e d  1.6LO.3 f o r  t h e  m o r n i n g  t w i l i g h t  
a n d  1.450.3 for t h e  e v e n i n g  t w i l i g h t .  

3 . 3 .  O t h e r  E l e m e n t s  i n  t h e  A l k a l i  Metal  G r o u p .  /89 

The r e s o n a n c e  l i n e  o f  l i t h i u m  (6706.86 8 )  w a s  d e t e c t e d  i n  t h e  
t w i l i g h t  g l o w  i n  1 9 5 8  a t  t h e  A b a s t u m a n i  O b s e r v a t o r y  [ 4 2 ,  431  a n d ,  
i n d e p e n d e n t l y ,  i n  o t h e r  p l a c e s  C 3 4 l .  A t t e m p t s  w e r e  made t o  d e t e r -  
m i n e  t h e  r a t i o  of t h e  i n t e n s i t i e s  of  t h e  l i t h i u m  a n d  s o d i u m  l i n e s  
( t h e  y e l l o w  d o u b l e t ) .  Some d e t e r m i n a t i o n s  g a v e  a r a t i o  on t h e  o r -  
d e r  o f  1:10. Howeve?, it s h n i i l d  b e  k e p t  i n  m i n d  t h a t  t h e  i n t e n s i t y  
of t h e  l i t h i u m  l i n e  i s  s u b j e c t  t o  much g r e a t e r  f i u c t u d t i ; n z  thzr! 
t h e  i n t e n s i t y  of t h e  y e l l o w  d o u b l e t .  P r o l o n g e d  p e r i o d s  a r e  ob-  
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served, when the lithium line does not appear at all on the spectro- 
grams. The appearance of lithium atoms in the atmosphere may in 
part be a result of man-made explosions on Earth. In 1959, a re- 
port was published regardin the detection of resonance potassium 
lines at 7664.9 and 7699.0 f in Norway C441. 
in the region of strong atmospheric absorption by the oxygen band 
( 0 . 0 )  of the so-called "atmospheric" system, which has a complex 
structure. This is a great hinderance to a reliable detection of 
the aforementioned potassium lines. Further systematic studies 
are necessary. 

These lines occurred 

3.4. Hydroxyl Emission. 

In the infrared region of the spectrum of the night-sky emis- 
sion, the hydroxyl bands are very intense C341, but no bands of 
this molecule were detected in the spectra of the twilight sky for 
a long time. In recent years, some bands have been discovered. On 
the basis of observations made at the Abastumani Observatory, the 
lines of the (6.1) and (9.3) hydroxyl bands have been recorded and 
are listed in Table 2 2 .  

TABLE 22. 

In 1960-1961, a seasonal trend in the intensity of the hydroxyl 
bands was established from observations made at the Abastumani Ob- 
servatory: the maximum occurs in November to January with a large 
secondary maximum in June-July. According to preliminary data from 
the Abastumani Observatory, the ( 7 . 2 )  hydroxyl band has also been 
detected in the twilight spectrum; at present, only the R and Q 
branches of this band have been observed C471. 

3.5. The Ionized Calcium Lines. 

A report appeared [45] in 1956 to the effect that two rare 
emission lines with wavelengths at 3933.7 and 3968.5 8 ,  which corre- 
sponds .to the wavelengths of the H and K lines of ionized calcium, 
were detected on several spectrograms of the twilight sky in Canada. 
L U C  T Z ? < C  25 the intensities of the lines was equal to 2 : l .  The 
spectra were always photographed in such a w a y  i h a t  t2e . zTnc+po-  
graph's line of sight intersected the Earth's shadow at a height of 

ml. - 
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100 km. 191 
day to day between July and December. The principal meteor showers - 
are noted in the upper part of the'figure. The emission lines dis- 
appeared at the end of July and appeared again with greater inten- 
sity about the 9-10 .'of August and persisted daily for about 10 days. 
After this, the lines disappeared and never reappeared. Similar 
sporadicity in the a,ppearance of the lines ,was observed in 1956- 
1957 also, a fact thbt provides a b a s i s  C 4 S J  for supposing t h a t  the 
calcium has meteoric' origin. According to the estimates in C451, 
the maximum areal brightness of the lines was equal to about 2.4- 
l o 6  photons/cm2sec*sterad (about 30 Rayleighs). The sporadic ap- 
pearance of the H and K lines of CaS has also been observed by 
other authors C461. 

Figure 16 shows how the intensity of the line varied from 

3.6. The.Emission of Nitrogen and Helium. 

The band of the negative system of the ionized N2+ molecule is 
observed sporadically in spectra of the twilight sky at about 3914 
8 .  
sfrong geomagnetic activity [34]. The twilight intensity of the 
band reaches 800 Rayleighs C311. 

The intensity of the band usually increases during periods of 

The emission of atomic nitrogen is also observed at twilight; 
occasionally, the spectrograms show a close doublet at 5 2 0 0  8 C481. 
This line is brighter during the evening twilight than during the 
morning twilight. No relationship with geomagnetic activity has 
been observed. The intensity of the doublet has been very approxi- 
mately estimated [31]; values of 30 to 600 Rayleighs have been ob- 
tained for the twilight glow and 2 Rayleighs for the night-sky 
glow. 

As a result of studies at the Institute of Atmospheric Physics,. 
of the Academy of Sciences, USSR, the emission of helium has-been 
detected on a line at 10830 C491. Research on tliis intense emis- 
sion of the upper. atmosphere is continuing., 

.. . 

30 



Ir 

1. 

2 .  

3. 
4.  

5 .  

6 .  

7 .  

8 .  

9 .  

10. 

11. 
1 2 .  

13 .  

1 4 .  
4. 

1 5 .  

REFERENCES 

F e s e n k o v ,  V.G.:, 0 s t r o y e n i i  a t m o s f e r y  ( f o t ! o m e t r i c h e s k i i  a n a l -  
i z  s u m e r e k ) .  ( T h e  S t r u c t u r e  of t h e  A t m o s p h e r e  [ A  P h o t o m e t r i c  
Anahycis  O f  TwiliShtJ). Trudy CLavnaya a c t r o f i o .  o b e m v  N o m  2 ,  
1923. 
S h t a u d e ,  N . M . :  I F o t o m e t r i c h e s k i y e  n a b l y u d e n i y a  s u m e r e k  k a k  me- 
t o d  i z u c h e n i y a  v e r k h n o y  a t m o s f e r y .  ( P h o t o m e t r i c  O b s e r v a t i o n s  
o f  T w i l i g h t  as a Method  of S t u d y i n g  t h e  U p p e r  A t m o s p h e r e ) .  
T r u d y  k o m i s i i  P O  i z u c h e n i y u  s t r a t o s f e r y  p r i  A N  S S S R ,  N o .  1, 
1 9 3 6 .  
R o z e n b e r g ,  G . V . :  S u m e r k i  ( T w i l i g h t ) ,  M O S C O W ,  1 9 6 3 .  
K h v o s t i k o v ,  I . A .  :. V y s o k i y e '  s l o i  a t m o s f e r y .  ( T h e  U p p e r  L a y e r s  
o f  t h e  A t m o s p h e r e ) .  L e n i n g r a d ,  G i d r o m e t e o i z d a t ,  1 9 6 4 .  
B r u n n e r ,  W . :  P u b l .  d e r  E i d g e n s s s i s c h e n  S t e r n w a r t e  i n  Z i f r i c h  
( P u b l i c a t i o n s  of t h e  F e d e r a l  O b s e r v a t o r y  a t  Z u r i c h ) ,  Vol .  6 ,  
1 9 3 5 .  I n :  B e i t r a g e  z u r  P h o t o m e t r i e  d e s  N a c h t h i m m e l s ,  u n t e r  
b e s o n d e r e r  B e r i i c k s i c h t i g u n g  des Z o d i a k a l l i c h t e s  u n d  d e r  D 3 m -  
m e r u n g e r s c h e i n u n g e n .  ( C o n t r i b u t i o n s  t o  t h e  P h o t o m e t r y  of t h e  
N i g h t  Sky, w i t h  P a r t i c u l a r  E m p h a s i s  o'n t h e  Z o d i a c a l  L i g h t  a n d  
T w i l i g h t  P h e n o m e n a ) .  
S h a r o n o v ,  V . V . :  D o k l a d .  A N  SSSR, No. 4 2 ,  p .  3 1 0 ,  1 9 4 7 :  T r u d y  
y u b i l e i n o y  n a u c h n o y  s e s s i i  L e n g i n g r a d  g o s o d a r ' s t v e n n o y  u n i v e r -  
s i t e t a ,  p .  4 7 ,  1 9 4 8 .  
K u c h e r o v ,  N . I . :  I z v .  A N  S S S R ,  s e r .  g e o g r a f .  i g e o f i z . ,  No. 6 ,  
p .  4 6 5 ,  1 9 4 7 .  
K h v o s t i k o v ,  I . A . ,  Ye. N. Magid  a n d  A . A .  S h u b i n :  I z v .  A N  SSSR, 
s e r .  g e o g r a f .  i g e o f i z . ,  No. 5 ,  1 9 4 0 .  
M e g r e l i s h v i l i ,  T.G.: D o k l .  A N  SSSR, Vol. 5 3 ,  No. 2 ,  p .  1 2 7 ,  
1 9 4 6 .  
M e g r e l i s h v i l i ,  T . G . :  B y u l l .  Abas tum.  a s t r o f i z .  o b s . ,  N o .  9 ,  
p p .  1 - 1 4 2 ,  1 9 4 8 .  
A s h b u r n ,  E.V.: J. G e o p h y s .  R e s , ,  V o l .  5 7 ,  No. 1, p .  8 5 ,  1 9 5 2 .  
S h t a u d e ,  N . M . :  I z v ,  A N  SSSR,  ser. g e o g r .  i g e o f i z . ,  V o l .  1 3 ,  
N o .  4 ,  p .  3 0 7 ,  1 9 4 9 .  
H u l b u r t ,  E . O . :  J. O p t .  S O C .  A m e r . ,  V o l .  2 8 ,  No. 7 ,  p .  2 2 7 ,  
1 9 3 8 .  
D a r c h i y a ,  A ,Kh . :  I z v .  G l a v .  a s t r o f i z .  o b s . ,  A N  SSSR, No. 1 6 5 ,  

B a r t e n e v a ,  O . D .  a n d  A . N .  B o y a r o v a :  T r u d y  Glav .  g e o f i z .  o b s . ,  
No. 1 0 0 ,  p .  1 3 3 ,  1 9 6 0 .  

1 9 6 0 .  - 
1 6 .  . L j u n h a l l ,  A . :  The  I n t e n s i t y  of  T w i l i g h t  a n d  i t s  C o n n e c t i o n  

. w i t h  t h e  D e n s i t y  of t h e  A t m o s p h e r e .  M e d d e l a n d e  F r a n  L u n d s  
As t ronom.  O b s e r v .  S e r .  11, N o .  1 2 5 ,  1 9 4 9 .  

N O .  2, p p .  6 7 - 6 8 ,  1 9 5 6 .  
1 7 .  D a v e ,  J.V. a n d  R a m a n a t h a n :  P r o c .  I n d i a n  A c a d .  S c i ,  Vol .  A 4 3 ,  

1 8 .  D i v a r i ,  N . B . :  G e o m a g n e t i z m  i a e r o n o m i y a ,  Vol. 11, No. 4 ,  1 9 6 2 .  
1 9 .  V O l Z ,  F.E .  a n d  K . M .  Coody; m L -  I I I ~  T-* - - - :+ - *  A A ~ L F ~ s . u ~ . . ~  cf T w i l i g h t  a n d  Up- 

p e r  A t m o s p h e r i c  D u s t .  J .  of Atmosph .  S c i . ,  Vol. 1 9 ,  No. 5 ,  
p .  385, 1 9 6 2 .  

31 



. , _ -  . 

2 0 .  

21 .  
2 2 .  
23 .  

? r, 

2 4 ,  

25. 

26 .  

27.  

. 28 .  

29 .  

30. 

31 .  

32 .  

33. 

3 4 .  

3 5 .  

3 6 .  

3 7 .  

3 8 .  

32 

G a d s d e n ,  M.J.: Atmosph .  a n d  T e r r .  P h y s . ,  Vo l .  1 0 ,  No, 3 ,  p .  

D i v a r i ,  N .B . . :  D o k l .  A N  S S S R ,  Vol.  1 2 2 ,  No. 5 ,  p .  7 9 5 ,  1 9 5 8 .  
H u l b e r t ,  E . O . :  J. O p t .  S O C .  A m .  V o l .  4 3 ,  No. 2 ,  p .  1 1 3 ,  1 9 5 3 .  
Y a r i n  , V. I I : Y' s b  : P o l y a r n i y e  s i y a n i y a  i ' s v e c h e n i y e  n o c h n o g o  
n e b a .  ( A u r o r a e  a n d  I l l u m i n a t i o n  of  t h e  N i g h t  S k y ) .  R e z u l ' t a t y  
M O G ,  Vol. 1, No,. 9 ,  1962 ' .  
G n i l o v s k i y ,  Y e . V .  
( T h e  I n f r a r e d  S p e c t r u m  o f  t h e  T w i l i g h t  S k y ) .  V e s t n i k  L e n i n g r .  
u n i v . ,  s e r .  f i z .  i k h i m . ,  No. 4 ,  I s s u e  1, 1 9 6 4 .  
L i n k ,  F., L .  N e u z i l  a n d  I .  Z a c h a r o v :  A s t r o n o m .  I n s t .  C z e c h o s l .  
Akad.  S c .  P u b l . ,  No. 3 8 ,  1 9 5 8 .  
C h i p l o n k a r ;  M.W. a n d  P.V.  K u l k a r n i :  F u r t h e r  S t u d i e s  o f  t h e  
T w i l i g h t  I l l u m i n a t i o n .  B y u l .  a s t r o n .  i n s t i t u t o v  C z e c h o s l o v a k i a ,  
Vol. 9 ,  N O .  4 ,  p p .  1 2 8 - 1 3 2 ,  1 9 5 8 .  
L i n k , ' F . ,  L. N e u z i l  a n d  I .  Z a c h a r o v :  A s t r o n o m .  I n s t .  C z e c h o s l .  
A c a d . ,  S c .  P r a g u e .  O n d r e j o v .  P u b l . ,  No. 3 8 ,  1 9 5 8 .  
V o l z ,  F. : S t r a t o s p h a r i s c h e  Tr i ibung u n d  O z o n g e h a l t  n a c h  D t i m m e -  
r u n g s m e s s u n g e n .  Z u s a m m e n f a s s u n g .  ( S t r a t o s p h e r i c  T u r b i d i t y  
a n d  Ozone  C o n t e n t  on t h e  Basis of T w i l i g h t  M e a s u r e m e n t s .  A 
S u r v e y ) .  B e r i c h t e  d e s  d e u t s c h e n  W e t t e r d i e n s t e s  , Vol. 1 2 ,  No. 
9 1 ,  p .  150, 1 9 6 3 .  
E l v e y ,  C . T .  a n d  A . H .  F a r n s w o r t h :  S p e c t r o p h o t o m e t r i c  O b s e r v a -  
t i o n s  o f  t h e  L i g h t  of  t h e  N i g h t  S k y .  A s t r o p h y s .  J . ,  V o l .  9 6 ,  

L i n k ,  F . :  A u r o r a e  a n d  A i r g l o w .  I n t e r n a t .  G e o p h y s .  Year a n d  
C o o p e r a t i o n  i n  C z e c h o s l o v a k i a  1 9 5 7 - 1 9 5 9 .  P r a g u e ,  C z e c h .  Acad .  
o f  S c i e n c e s ,  p p .  9 5 - 1 1 1 ,  1 9 6 0 .  
B l a c k w e l l ,  D.E., M.F. Ingham a n d  H . N .  R u n d l e :  O b s e r v a t i o n s  o f  
T w i l i g h t  a n d  N i g h t  Sky A i r g l o w  Near t h e  E q u a r o r .  Ann. g e o p h y s . ,  
N O .  1, p p .  1 5 0 - 1 5 1 ,  1 9 6 0 .  
Wark ,  D.Q.: 
o f  Oxygen i n  t h e  T w i l i g h t  Sky .  N a t u r e ,  No. 1 7 8 ,  p p .  6 8 9 - 6 9 1 .  
1 9 5 6 .  
P h i l i p p s ,  H . :  The  D e t e r m i n a t i o n  of t h e  W i d t h s  o f  t h e  A i r g l o w  
a n d  T w i l i g h t  F l a s h .  I n :  The A i r g l o w  a n d  t h e  A u r o r a e .  A Sym- 
pos ' i um H e l d  a t  B e l f a s t  i n  S e p t e m b e r  1 9 5 5 .  E d s .  E . B .  A r m s t r o n g  
a n d  A .  D a l g a r n o .  S u p p l .  J .  A t m o s .  a n d  T e r r .  P h y s . ,  V o l .  5 ,  p p .  
6 7 - 7 2 ,  1 9 5 6 .  
K h v o s t i k o v ,  I . A .  F i z i k a  o z o n o s f e r y  i i o n o s f e r y .  ( P h y s i c s  o f  
t h e  O z o n o s p h e r e  a n d  I o n o s p h e r e ) .  I z d .  A N  S S S R ,  Moscow, 1 9 6 3 . -  
C h a m b e r l a i n ,  J o h n :  P h y s i c s  of t h e  A u r o r a e  a n d  I l l u m i n a t i o n  
o f  t h e  A t m o s p h e r e .  1 9 6 3 .  
S h e f o v ,  N . N .  : S u m e r e c h n a y a  e m i s s i y a  8466 1. ( T w i l i g h t  E m i s s i o n  
o f  t h e  8 4 6 6  I ) .  C o l l e c t i o n :  P o l y a r n i y e  s i y a n i y a  i s v e c h e n i y e  
n o c h n o g o  n e b a ,  I z d .  A N  SSSR,  No. 9 ,  p p .  5 5 - 5 8 ,  1 9 6 2 .  
J o n e s ,  A . A .  a n d  A . W .  H a r r i s o n :  I n f r a r e d  E m i s s i o n  Band i n  t h e  
T w i l i g h t  A i r g l o w  S p e c t r u m .  J. A t m o s .  a n d  T e r r .  P h y s , ,  No. 1 3 ,  
p p .  4 5 - 6 0 ,  1 9 5 8 .  
O ' B r i e n ,  B .  J .  : S o u t h e ~ r :  Femf- .zphere O b s e r v a t i o n s  o f  'Sodium 
E m i s s i o n  T h r o u g h o u t  T w i l i g h t .  J .  G e o p h y s .  R e s . ,  Ywi. 5 5 ,  K s -  1 ;  
pp.  1 3 7 - 1 4 0 ,  1 9 6 0 .  

176, 1957. 

Ob infrakrasnom spektra s u m e r e c h n o g o  n e b a .  

N O .  3 ,  p p .  4 5 1 - 4 6 7 ,  1 9 4 2 .  

A D e t e r m i n a t i o n  of t h e  L i n e  W i d t h  of  t h e  X 6300  1 '. 



... 

39. 
!* 

40. 

41. 

42. 

43. 

44 

45. 

46. 

47. 

48. 

49. 

50. 

51: 

52. 

53. 

G a l l p e r i n ,  Yu.' I . :  O t n o s h e n i y e  i n t e n s i v n o s t e y  k o m p o n e n t  z h e l -  
togo d u b l ' e t a  n a t r i y a  v s p e k t r e  s u m e r e c h n o g o  n e b a .  ( R a t i o  of 
I n t e n s i t i e s  of C o m p o n e n t s  of the Yellow D o u b l e t  of S o d i u m  i n  
t h e  S p e c t r u m  of t h e  T w i l i g h t  S k y ) .  A s t r o n . . Z h . ,  V o l .  33, No. 

H a r r i s o n ,  A .W. ' and  A . V .  J o n e s !  The  I n t e n s i t y  R a t i o  o f  t h e  D -  
L i n e s  i n  T w i l i g h t .  I n :  The A i r g l o w  a n d  t h e  A u r o r a e .  A Sym- 
p o s i u m  Held at v a l f a a t  in Geptember, 1 9 5 5 .  E d s :  E . B .  A r m -  
s t r o n g  a n d  A .  D a l g a r n o .  S u p p l .  J .  A t m o s .  a n d  T e r r .  P h y s i c s ,  
V o l .  5, p p .  114-121, 1956. 
Nguyen-Huu-Doan:  R a p p o r t  d e s  i n t e n s i t e s  d e s  r a i e s  D 2  a n d  D 1 .  
d u  s o d i u m  e m i s d s  d a n  l ' a t m o s p h e r e  a u  c r d p u s c u l e  e t  p e n d a n t  l a  
n u i t .  ( R a t i o  o f  t h e  I n t e n s i t i e s  o f  t h e  D2 a n d  D1 L i n e s  of 
Sod ium E m i t t e d  i n  t h e  A t m o s p h e r e  a t  T w i l i g h t  a n d  a t  N i g h t ) .  
C o m p t e s  R e n d u s ,  V,ol. 249, No. 5, p p .  739-741, 1959. 
M e g r e l i s h v i l i ,  T . G . :  0 l y u m i n e s t s e n t s i i  s u m e r e c h n o g o  n e b a  
v i n f r a k r a s n o y  o b l a s t i  s p e k t r a .  ( L u m i n e s c e n c e  of  t h e  T w i l i g h t  
Sky i n  t h e  I n f r a r e d  R e g i o n  o f  t h e  S p e c t r u m ) .  D o k l .  A N  SSSR, 
Vol. 116, N O .  5, p p .  766-769, 1957. 
K h v o s t i k o v ,  I . A .  a q d  T . H .  M e g r e l i s h v i l i :  N e w  B a n d s  a n d  L i n e s  
i n  t h e  T w i l i g h t  Sky  S p e c t r u m .  N a t u r e ,  Vo l .  183, No. 4664, p .  
811, 1959. 
K v i f t e ,  G . :  A l k a l i e m e t a l l e r  i d e n  o v r e  a tmos fae re .  ( A l k a l i  
M e t a l s  i n  t h e  U p p e r  A t m o s p h e r e - ) .  F r a .  F y z i k  V e r d e n ,  V a l .  21, 

J o n e s ,  A . V . :  C a  I1 E m i s s i o n  L i n e s  i n  t h e  T w i l i g h t  S p e c t r u m .  
N a t u r e ,  Vol.@178, No. 1527, p p .  276-277, 1956. 
D u f a y ,  M . :  E t u d e  p h o t o Q l e c t r i q u e  d u  s p e c t r e  du  c i e l  n o c t u r n e  
d a n s  l e  p r o c h e  i n f r a - r o u g e .  ( P h o t o e l e c t r i c  S t u d y  of t h e  N i g h t -  
Sky  S p e c t r u m  i n  t h e  N e a r  I n f r a r e d ) .  Ann;  g e o p h y s . ,  Vol. 1 5 ,  
N O .  2, p p .  134-152, 1959. 
M e g r e l i s h v i l i ,  T . G .  a n d  T . I .  T o r o s h e l i d z e :  B y u l l .  A b a s t u m .  
a s t r o f i z .  o b s . ,  No. 29, 1 9 5 2 .  A s t r o n .  t s i r k .  N o .  197, 1958. 
K h v o s t i k o v ,  I . A .  S v e c h e n i y e  n o c h n o g o  n e b a .  ( 4 l l u m i n a t i o n  o f  
t h e  N i g h t  S k y ) .  I z d .  A N  SSSR, 1948. 
S h e f o v ,  N . N . :  E m i s s i y a  g e l i y a  v v e r k h n e y  a t m o s f e r e .  ( H e l i u m  
E m i s s i o n  i n  t h e  U p p e r  A t m o s p h e r e ) .  C o l l e c t i o n :  P o l y a r n i y e  
s i y a n i y a  i s v e c h e n i y e  n o c h n o g o  n e b a .  I z d .  A N  SSSR, M O S C O W ,  
p p .  50-65, 1962. 
B r i c a r d ,  J. a n d  A .  K a s t l e r :  R e c h e r c h e s  s u r  l a  r a d i a t i o n  D 
d u  sodium d a n s  l a  l u m i B r e  du c i e l  c r g p u s c u l a i r e  e t  n o c t u r n e .  - 
( S t u d i e s  o f  t h e  D R a d i a t i o n  of  Sodium i n  t h e  L i g h t  f r o m  t h e  
T w i l i g h t  a n d  N i g h t  S k y ) .  Ann,  g e o p h y s . ,  Vo l .  1, No. 1, p p .  
1 - 3 0 ,  1944. 
V e g a r d ,  L . ,  G. K v i f t e ,  A .  Omhol t  a n d  S .  L a r s e n :  S t u d i e s  of  
t h e  T w i l i g h t  Sodium L i n e s  f r o m  O b s e r v a t i o n s  a t  Oslo a n d  T r o m s o ,  
a n d  R e s u l t s  of A u r o r a l  S p e c t r o g r a m s  from Oslo. G e o p h y s .  P u b l . ,  

B a r b e r ,  D . R . :  N o t e  o n  t h e  S e a s o n a l  V a r i a t i o n  o f  Sodium D- 
L i n e  E m i s s i o n  iii " x i l i g h t .  J .  A t m o s .  a n d  T e r r .  P h y s . ,  Vol .  5 ,  

B l a m o n t ,  J.E.: O b s e r v a t i o n s  d e  l ' e ' m i s s i o n  a t m o s p h 6 r i q u e  d e s  

2, p p .  173-181,. 1956. I 

N O .  2, p p .  253-265, 1959. 

V O ~ .  19, NO. 3, p .  22, 1955. 

N O .  5-6, p p .  347-348, 1954. 

3 3  



-J' - ..- . 
4 

r a i e s  D du  sod'ium au  moyen d ' u n  a p p a r e i l  B b a l a y a g e  m a g n 6 t i q u e .  

I (eans o f  a D e v i c e  f o r  M a g n e t i c  S c a n n i n g ) .  I n :  T h e  A i r g l o w  
a n d  t h e  A u r o r a e .  A Symposium H e l d  a t  B e l f a s t  i n  S e p t e m b e r ,  
1 9 5 5 .  E d s . :  E . B .  A r m s t r o n g  a n d  A .  D a l g a r n d .  S u p p l .  J .  Atmos.  
a n d  T e r r .  Phys . ' ,  No. 5 ,  L>p.  94-113, 1 9 5 6 .  

54. B l a m o n t ,  J . E . ,  T.M. Donahue and  V . R .  S t u l l :  The  Sod ium T w i -  
light A i r g l o w  1 $ 5 5 - 1 9 5 7 .  Ann, gobphyr' . ,  V o l ,  14, No, 3 ,  p p .  

*., , ( O b s e r v a t i o n s  of A t m o s p h e r i c  E m i s s i o n  of  Sodium D-Lines by  

2 5 3 - 2 8 1 ,  1 9 5 8 .  
5 5 .  M e g r e l i s h v i l i ,  T . G .  a n d  T . I .  T o r o s h e l i d z e :  K v o p r o s u  0 '  

v a r i a t s i y a k h  s v e c h e n i y a  n a t r i y a  v s u m e r k a k h .  ( T h e  P r o b l e m  o f  
V a r i a t i o n s  i n  I l l u m i n a t i o n  of Sod ium i n  T w i l i g h t ) .  B y u l l .  
Abas tum.  A s t r o f i z .  o b s . ,  No. 32, p .  1 6 5 ,  1 9 6 5 .  

, 

T r a n s l a t e d  f o r  t h e  N a t i o n a l  A e r o n a u t i c s  . a n d  S p a c e  A d m i n i s t r a t i o n  by: 
A z t e c  S c h o o l .  o f  L a n g u a g e s  , I n c .  , 
R e s e a r c h  T r a n s l a t i o n  D i v i s i o n  (243) , 
A c t o n ,  M a s s a c h u s e t t s  

. *  NASW-1 692 

. .  

I 

I #- 

I 


